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ABS TRACT 


The purpose of this study was to compare two types of 
exercise programs of different intensities and duration 
(5BX and circuit training) on the basis of their contribution 
to cardio-respiratory fitness. Thirty male subjects were 
divided into 3 equated groups. Group A participated in the 
5BX program, Group B in a 13 station circuit training program 
and Group C acted as control. Group A was further divided 
into sub-groups A, and Aj. Both subgroups participated in 
the first four 5BX exercises as perscribed. In order to 
determine whether the 2 programs were equivalent in their 
contribution, Ay ran on the spot as specified for the fifth 
activity and Ag ran the designated distance. The exercise 
programs continued 5 days a week for 5 weeks. Two treadmill 
performance tests of different intensities (walking and run- 
ning) and a test of respiratory fitness were given each sub- 
ject before, after 2.5 weeks, and upon completion of the 
exercise programs. Cardio-respiratory parameters investi- 
gated included heart rate, O>5 consumption and the ventila-~ 
tory R.Q. at rest, during exercise, and during recovery. 
Following 5 weeks of intensive training the exercise groups 
exhibited increases in treadmill performance times and maximal 
breathing capacity; generally lower resting, exercise, and 


recovery heart rates and Oo intake; and (with the exception 
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of Group A for the final exhaustion run) unchanged or higher 
R.Q values. Both circuit training and 5BX contributed to 
gains in cardio-respiratory fitness. To derive maximum bene- 
fit from the 5BX program running distance was recommended as 
the fifth exercise. It was concluded that the quality and 
intensity of the exercise is more important than the quantity 


and duration. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 


Introduction. It has taken the impetus of war to suf- 
ficiently stress the major importance of physical fitness of 
the individual and to create a sustained awareness and sub- 
sequent attention to this subject (1-17). The necessity for 
a thorough inquiry into the nature and needs of physical fit- 
ness remains paramount. This study is concerned with some 
aspects of physical fitness. It recognizes a shift in em- 
phasis in physical education, training and fitness programs 
to the task of attempting to fit a healthy individual into a 
health environment (18:399). An understanding and evaluation 
of the term "physical fitness" is essential but difficult. 

The term appears to be inadequate. Physical fitness has 
established meaning only in terms of the task undertaken. As 

a result, it has a great diversity of interpretation and wide 
usage both lay and medical (3:255), (19:308), (20:10). Since 
the demands upon the organism vary in degree according to the 
nature of the activity, fitness for one type of work does not 
imply fitness for another (19:307), (20:140). Astrand (19:307) 
suggests that an individual's physical fitness will ultimately 
be determined by his natural endowment and his state of health. 
It becomes apparent, then, that there is great variation in 


the state of fitness from individual to individual (1:836). 
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The effects of training upon physical fitness are also 
of major importance. "Training aims at increasing the pos- 
sibilities for the organism to perform a special task." 
(19:321), (21:137). Technical training strives to improve 
dexterity. Endurance training aims to strengthen the or- 
ganism generally, especially the circulo-respiratory system, 
While we may know the result of training upon different 
bodily functions, it is apparent little is known about the 
essence of training itself. 

The Problem. The purpose of this study is to compare 
the effects of two types of fitness programs, one a short 
intensive program (5BX), the other a more prolonged inten- 
sive program (Circuit Training), on treadmill performance 
and on certain cardio-respiratory functions. The study will 
investigate and compare the relative effects of the two exer- 
cise programs on, 

a) performance times of two treadmill tests of varying 

intensities; 

b) resting, exercising and recovery measures associated 

with two types of treadmill tests concerning the 
(1) heart rate 
(2) oxygen intake and carbon dioxide production 
(3) respiratory quotient; 
c) resting maximum breathing capacity. 
Sub-Problem. A comparison of the effects of running on 


the spot in the degree specified by the SBX program to run- 
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ning an equivalently designated distance will be made. 
Justification of the Problem. A major objective of 
Physical Education is to develop, improve and maintain some 
degree of physical fitness. Physical education classes con- 
sist of a variety of physical activities designed to meet 
this aim. Because of the lack of sufficient experimental 
evidence, the physical educator is frequently uncertain 
about the actual contribution of these activities to the 
physical education objective. Comparative analyses of 
existing programs of exercise are essential in order that 
their relative contribution to the objectives desired can be 
assessed. Of particular importance in this regard is the 
need for evaluation of concomitant exercise programs varying 
in intensity and duration and conducted under similar cir- 
cumstances. 
Assumptions. Throughout this study it will be assumed 
that, 
a) physical fitness is a measurable entity; 
b) cardio-respiratory fitness is a component of physical 
fitness; 
c) some aspects of cardio-respiratory fitness can be 
measured in terms of, 
(1) heart rate. The resting heart rate has a sig- 
nificant validity as a test of the effect of 


training. Also, the slower the heart rate re- 
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covery following standard exercise the lower 
that aspect of cardiovascular fitness measured 
by heart rate recovery. In addition, any sig- 
nificant decrease in the exercise heart rate 
represents an increase in cardiovascular fitness. 

(2) treadmill performance time. An increase in per- 
formance time on the treadmill is construed as 
an improvement in cardio-respiratory fitness. 

(3) respiratory fitness is manifested by changes in 
the rate of oxygen absorption and in the bellows 
action of the ventilatory mechanism. Improved 
respiratory efficiency will result in a greater 
absorption of oxygen per liter of ventilation and 
in the ability of the respiratory apparatus to 
move greater quantities of air under stress. 

(lL) changes in the respiratory quotient (R.Q.). A 
Significant lowering of the R.Q. is attributable 
to training. 

d) any changes associated with the variables considered 
are due to the exercise programs; 

e) factors that motivated the subjects to continue 
working were constant throughout the study; 

f) each subject performed maximally at all times. 

Limitations. 


a) Because of the time requirements involved in ad- 
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ministering and evaluating the tests and the limited 
availability of certain facilities, a more extensive 
exploration of several of the variables considered 
was not possible, 

b) Only a limited number of parameters of one aspect of 
physical fitness are considered, 

c) The sample is restricted to thirty subjects who 
willingly volunteered their services for this study. 

d) There is only one 5BX program. There are, however, 
many forms of Circuit Training. The particular type 
of circuit considered in this study is one currently 
undergoing extensive use at the University of Alberta. 
This is the basis for its selection. It is conceiv- 
able that other forms of circuit training could lead 
to different conclusions. 

e) The effects of the exercise programs on the cardio- 
respiratory variables selected are considered over a 
5 week period only. It is also conceivable that a 
longer training period could presumably lead to dif- 
ferent conclusions. 

Definition of Terms. 

a) Physical Fitness - Physical fitness, ". . . consists 

in the ability of the organism to maintain 
the various internal equilibria as closely as 


possible to the resting state during strenuous 
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exertion and to restore promptly after exer- 
cise any equilibriums which have been dis- 
turbed." (20:11). 

Physical fitness, therefore, embraces the 
total of body functions. It is the capacity 
of the individual for prolonged heavy work. 
(19, 22, 23, 2). Generally it denotes a, 
w. . © quantitative and unspecified evalua- 
tion of the individual's physical state." 
(192307 ) 

b) Cardio-Respiratory Fitness - Denotes ". .. the 
ability to sustain prolonged activity in 
which the cardio-respiratory mechanisms are 
the primary limiting factors." (25:38). 

c) Maximal Work - Work produced by tasks requiring 
15 - 20 times the basal O5 consumption. 
(26:82), It is referred to as anaerobic 
work since the cardio-respiratory system is 
unable to supply Oo at the required rate, the 
difference made up by the Oo debt. 

d) Sub-Maximal Work - Work produced by tasks when the 
available Oo supply is sufficient to meet the 
needs of the working tissues, 

e) Maximal Oxygen Consumption - The point at which the 


cardio-respiratory system can no longer in- 
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crease delivery of 05 to the working muscles, 
thus the Oo consumption becomes stable. At 
this point the body must be able to metabolize 
carbohydrates to release energy to the muscles 
and to build up an O05 debt. 

f) Maximum Breathing Capacity (MBC) - "The maximum 
volume of gas that can be breathed per minute." 
(272129), (286219)40 (292h6)s 

g) SBX Program of Exercise - A short intensive exercise 
program devised by the RCAF in 1957. It is 
composed of six graduated charts arranged in 
progression. Each chart is composed of 
calisthenic exercises and one running acti- 
vity, always performed in the same order and 
in the same maximum time limit of 11 minutes. 
As progress from chart to chart is made, 
there are slight changes in each basic exer- 
cise with a gradual demand for more effort. 
The program aims at muscular development in 
strength and endurance and at cardio-respira- 
tory fitness (30:16). 

h) Circuit Training - As employed in this study circuit 
training is an intensive exercise program 
consisting of 13 exercise stations always 


undertaken in the same order. Arrangement is 
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in a circular pattern so designated to enable 
an individual to proceed from one station to 
another without undue local fatigue. It aims 
at the progressive development of muscular and 
circulo-respiratory fitness through the prin- 
ciple of progressive loading. Six graduated 
exercise levels of increasing intensity are 
provided. Progress from level to level is 
realized when the individual accomplishes 

3 tours of the circuit in 25 minutes complet- 
ing the necessary number of repititions at 


each station. Weights are used at 7 stations. 
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CHAPTER II 
REVIEW OF THE LITERATURE 


The quantity of published material concerned with the 
study of cardio-respiratory function is enormous. The 
present review contains only references selected for their 
special relevance to the problem under investigation. The 
literature will be considered as follows: 

a) Directly related studies comparing the effects of two 
or more exercise programs on selected cardio-respiratory 
parameters. 

b) Literature concerned with the effects of exercise or 
training for normal young adult males, on heart rate, oxygen 
intake, the respiratory quotient, and on the resting maximum 
breathing capacity. 

c) Literature pertaining to the use of treadmill perfor- 
mance as a standardized test for determining cardio-respir- 
atory fitness. 

Directly Related Literature. Few studies are available 
which specifically compare and evaluate the effectiveness of 
concomitant exercise programs on cardio-respiratory measures. 
Particularly lacking are comparisons between such exercise 
programs which vary in intensity and duration over similar 
periods of time. The following seem germane: 

Wilbur (1), in 191.3, compared the effects resulting from 


two programs of physical education on the physical fitness of 
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366 college freshmen. The Sport's Program consisted of a 
composite of boxing, wrestling, track and field, soccer and 
swimming. The Apparatus Program included most aspects of 
gymnastics. Of the seven items included on the test battery, 
the quarter mile run was employed as an index of cardio- 
respiratory endurance. Following three testing periods con- 
ducted before, during and upon completion of the physical 
education programs the investigator was unable to establish 
the superiority of either program to produce significantly 
greater improvement in cardio-respiratory fitness. The study 
failed to reveal the intensity of participation by the sub- 
jects in the two programs. 

In 1950, Capen (2) employed the time of a 300 yard run 
as a measure of circulo-respiratory fitness. One group of 
subjects performed 1. weight-lifting exercises for 1.0 minutes, 
twice a week for 1l weeks. A second group participated in a 
strenuous conditioning program of gymnastics and running for 
a similar period. Re-test data lead to the conclusion that 
weight-training was as effective in developing cardio-respir- 
atory fitness as a program emphasizing endurance activities. 

Sinisalo and Juurtola (3) compared the physiological 
effects of two methods of ski-training in 1957. Interval 
training and constant speed programs were studied over a 
period of 8 weeks. The subjects participated in 3 one hour 


training sessions weekly. The investigators found that skiing 
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per se produced statistically significant decreases in pulse 
rate both during work (p< .001) and during recovery (p 4.01). 
There was no significant change in vital capacity. No 
statistically significant difference was reported between the 
two training methods. 

Nagle and Irwin (l,) investigated the effects of two sys- 
tems of weight-training on circulo-respiratory fitness in 
1960. Parameters investigated included heart rate, respira- 
tory exchange ratio and ventilatory efficiency. Three groups 
of 20 subjects each were tested on a bicycle ergometer per- 
forming moderate and all-out exercise before and after an 8 
week experimental period. Two of the groups participated in 
two different techniques of weight-training. The control 
group was restricted to bait casting or archery. Despite 
some indication of weight-training effects, statistical 
treatment of the data revealed no significant differences 
among the three groups. 

Durnin et al (5) conducted a pertinent study in 1960 
designed to determine whether improvement in physical fitness 
could be gained through varying degrees of exercise conducted 
over very short periods. Forty-four untrained airforce per- 
sonnel, mean age 22 years, were randomly divided into by 
groups. Group 1 walked 10 km/day, or once around a 10 km 
circuit; Group 2 walked 20 km/day; Group 3 walked 30 km/day 


and Group l. acted as control, Training continued for e2 con- 
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secutive periods of 5 days with an intervening 1 day inter- 
mission for testing. Each subject was tested on a treadmill 
operating at 5.6 km/hr and 10% grade for 15 minutes before, 
during and after the exercise programs. Following the first 
5 minutes of testing, pulmonary ventilation, oxygen consump- 
tion and heart rate were measured continuously. Heart rate 
was also recorded for 10 minutes during recovery. The group 
walking 20 km/day showed the most marked improvement in 
cardio-respiratory fitness. A definite general improvement 
in fitness was observed in all three exercise groups compared 
to control. It is interesting to note that significant changes 
in cardio-respiratory fitness could result in only 10 days of 
relatively moderate work and that the greatest improvement 
was observed in a group not performing the hardest work. 

In 1961, Watt (6) studied the effects of two different 
types of exercise programs to determine which was the most 
effective in increasing the physical fitness level of low- 
fitness college freshmen. One program consisted of calis- 
thenics, weight-training exercises, running activities and 
games of low organization. The second program was a 9 sta- 
tion Circuit Training Course to which games of low organiza- 
tion were also added. Scores obtained on a Composite Fitness 
Test Battery served as the principal criteria by which fitness 
improvements of the two groups was compared. The 300 yard 


run was employed as a measure of cardio-respiratory fitness. 
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After testing 38 subjects in September and re-testing in 
December, the investigator observed that the greatest gains 
in both groups were those attained in cardio-respiratory 
function. He concluded that improvement as measured by this 
cardio-pulmonary test could be increased significantly by 
participation in either of the two programs. 

It is apparent then, with the exception of Durnin's 
study, that while all programs promoted some degree of cardio- 
respiratory improvement none of the comparative studies was 
able to statistically establish the superiority of one par- 
ticular program in this capacity. 

The Effect of Exercise on Heart Rate. The behaviour of 
the heart rate before, during and after an exercise, and fol- 
lowing a period of training has been studied extensively. 
Cureton states: 

Pulse rate does not represent a complete 

test of circulatory-respiratory fitness but 

the pulse is the easiest to measure and is 

the most reliable of the physiological vari- 

ables which reflect the internal bodily ef- 

ficiency in response to exercise (72162) « 
Circulatory adjustments to the stress of exercise and the 
manner in which resting levels are re-established are impor- 
tant aspects of exercise physiology since blood flow is 
closely related to oxygen transport to the tissues (8:28), 


The first physical educator to conduct systematic 


studies of pulse rate as it is related to exercise and phy- 
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sical fitness appears to be Bowden (7:165). Bowden (9) 
concluded that the behaviour of the pulse rate was attribu- 
table to (a) the speed of the exercise (b) the effort put 
forth (c) the physiological condition of the subject (d) age 
and (e) the posture and mental state of the subject. Since 
1903, these areas have been intensively investigated. 

Taylor (10) studied the performance of 2 moderately 
trained subjects on the bicycle ergometer as they responded 
to work loads ranging from 636-1191 kg m/min. The subjects 
were in a post-absorptive state and performed at a constant 
rate of 65 rpm 3 times weekly for a period of 2 months. 

Each of the 2l1 experiments conducted lasted 0-50 minutes. 
Heart rate was determined with a stethoscope every 5 minutes. 
He observed that, ". . . heart rate does not, in the typical 
case, reach an absolutely steady state but continues a slow 
upward drift throughout the 115 minute work period" (10:28). 
Fraser et al (11) noted that pulse rates for lil subjects 
walking on a treadmill at 3 mph and 5% grade tended to, 

Ws. . quickly reach a plateau during steady work" (11:19l,). 
Christensen's findings (12:203) agree with Taylor where 
exercise is severe and with Fraser for moderate activity. 
This observation is generally supported by the literature. 

Taylor also found that a linear relationship exists be- 
tween heart rate and work load (r = .97) (10:28). This is in 


agreement with Bock et al (13:11.9) and is supported by More- 
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house (1:28), Christensen (12:203) and Balke (15:677). 

Exercise heart rate was found to be a better indication 
of fitness than recovery heart rate (16:200). Nagle and 
Bedecki (17) studied all-out performance time on the tread- 
mill and observed that the exercise heart rate improves as 
a measure of circulo-respiratory capacity as it increases. 
Billings and associates (18:1005) found that the heart rate 
response during submaximal progressive exercise on the 
treadmill indicates accurately the subjects! capacity for 
more strenuous work provided the cardiovascular system re- 
presents the limiting factor for continued exercise. 

After a period of training, heart rate accelerates less 
for a given task (7:273), (10:28), (13:1149), (19:167), 
(20:13), (21:523). Brouha and Heath (22) compared pulse 
rate measurements of 129 college students performing on a 
treadmill at 7 mph and 8.6% grade with those similarly ob- 
tained from a group of athletes. Pulse rate was recorded 
by a cardiotachometer. They concluded: "For a run of the 
same duration, the maximum pulse of trained subjects is 
usually lower than that of untrained subjects" (22:75). 

Durnin et al (5:163) found that heart rate determined 
during treadmill exercise indicated no significant change 
in the control group but all exercise groups experienced a 
highly significant (p <.01) lowering of their exercise 


heart rate. Three groups of subjects walked 10, 20 and 30 
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km/day for 10 days. Recovery heart rate was significantly 
lowered only in the group walking 20 km/day (p< .05) and 
only during the interval 2 - 2.5 minutes after exercise. 
Fletcher (23) found resting pulse rates ranging from 8 
beats/min. for athletes to 90 beats/min. for sedentary in- 
dividuals prior to daily step-up exercises. As endurance 
improved the mean resting pulse was lowered 16% with rates 
of change of 2-3% per week. Initial peak heart rates rang- 
ing from 1),0-216 beats/min. ". . . became rare" (23:765) as 
training advanced. 

Taylor studied exercise heart rate curves and observed: 
"The most striking difference between high and low fitness 
subjects is the lower, flatter and straighter curves of the 
former" (16:207). In agreement with Steinhaus (2/1), Taylor 
concludes: “In general, though there are exceptions, the 
individuals of greatest capacity show lower heart rates per 
unit of work" (10:31). 

It is generally conceded that trained individuals have 
a low resting pulse rate (19:167), (21:523), (2):112), 
(25:322), (26:155), (27:22). Cotton (28) in particular, 
reports unusually low pulse rates among athletes. Mean 
basal pulse rates found were (a) |.7 for championship swimmers 
(bo) 66 for normal young men with no athletic history (c) 63 


for young men with average athletic history (d) 57 and 53 


‘es 


yitasotiingle asw etet steed yrevouel, «Byed” 
baa (20. >) yab\not OS gatilew quoi edt 
.oatonexo tests sotuninm @.S - $ fevretat ofte) | 
64) mot? anitgast codat oaluq gritees basot cS) ue 
-ck yaptmeber 102 .aim\eteod 09 of seteldts, ata’ 
souetmbns uA .eeelorexe qu-gqete yLiebd of toimg, 
aotast déiw BOL besowol-esw seLug zatteex maom seth 
-yiet eotsx dtsed iseq faltial «ieow tog RE-S ti ; 
as (BOV:£S) "ote exwood . + »" saim\aised 36S -O4lEon 
‘Hsvteedo bns aoveno oda Jvacd oetotaxe bekbudar 
eeentit wolf bra dyid aeowred sometetiib gatiaias 
eft to sevaiio tetdgtsrte bos. tettell »tewol « — : tess 
7 y ata 


rolyel » (4S) evecdetote dttw doemeerge at, ale 20, od 
eres’ = 


4 
- 


edt ,anotiqooxe- eta ofertt dawerntd ,.faeveneg, 6 


Lint ee =| 


‘eq sets ¢rsed towel woe ytlosqeao seedasta v0 4 
Cente ie is 
evead elaybhivibal bemiett tard bebeomoo yLlewens 7 
e(SLfsHS) .(ESALS) _( VOLS) etae, salve 
“wivotiiag ct (8S) sorted: obs Set al 
nse, szedelite arom gedat oeLig we 
erommiwe gitkenotqstasi tot Jab da) sehen 
E03. (o) wrotetay obtSLrids., -pifatliilins 
€2 bas Je aol -pioaatid 0 


Lens i, 


20 


for men with greater and superior athletic backgrounds re- 
spectively, and (e) 50 for Olympic athletes. 

The search for practical tests of physical fitness has 
emphasized the resting pulse rate because of convenience of 
measurement (8:28). Henry reports that consideration of the 
resting circulation is of importance since it may reflect, 
indirectly, ". . . physiological changes resulting from 
training that are advantageous during exercise" (8:28). 

In opposition, Brouha and Gallagher (29) state that 
resting heart rate is not an important factor in this re- 
gard: 

Research has shown that the initial heart 

rate of healthy young men does not have a 

Significant relationship to an individual's 

physical fitness; his fitness depends on 

the rate at which his heart slows after 

exercise and not on how fast it may have 

been beating before he began work (29:25). 
In support of this statement, Brouha and Heath (22:76) report 
that: "With few exceptions no satisfactory relationship was 
found between basal pulse or sitting pulse and the capacity 
to perform hard work." This is confirmed by several other 
investigators (27:22), (30), (31:175), (32:367). 

Cureton (7:167) states: "A quick recovery of the pulse 
rate to the starting standing normal is one characteristic 
of fitness. It is one of the most valid tests if the exer- 


cise is hard enough." Several investigators concur (3:293), 


(20:141), (22:177), (29:28), (30:28). Michael and Gallon (33) 
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observed that recovery pulse rate made significant changes 
in 3 weeks (.05 level) and highly significant changes after 
6 weeks (.O1 level) when 17 varsity basketball players were 
studied over a period of 16 weeks of training and after 10 
and 20 weeks of detraining. A one-minute step test was ad- 
ministered to each subject every 3 weeks. Within 10 weeks 
of detraining, resting and recovery pulse rates returned to 
their pretraining levels. The resting pulse rate did not 
change significantly during training. Billings et al 
(18:1005) report that pulse rates during recovery from exer- 
cise may also be of some value in ranking subjects exposed 
to light or moderate work. They found, however, no correla- 
tion between heart rate pattern during recovery and the 
ability to sustain maximal or exhausting work. Knehr et al 
(26:155) found that post-exercise pulse rates showed no 
training effect when the exercise is of maximal type, rather 
that training is reflected by increased duration of perfor- 
mance. Cogswell (27:423) and Durnin (5:165) concur. 

Several investigators report the effect of extraneous 
influences on heart rate. Dill (34:273) states: "The heart 
rate particularly, responds sensitively to changes in exter- 
nal temperature and humidity, both in moderate and in hard 
work."' More recent research does not support these findings 
(35:575). Cotton (28:12) points out the possibility that 


increasing familiarity of the subject with the investigator, 
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and the conditions of the experiment may result in an im- 
proved resting pulse rate. Darling (20:1l) brings atten- 
tion to a factor often overlooked in studying heart rate: 
"It must be remembered that many persons are poorly endowed 
with cardio-vascular and muscular systems and apparently 
cannot improve significantly." Brouha and Heath (22:76), 
later supported by Fraser et al (11:194) refer to the in- 
fluence of emotional factors which tend to elevate the 
resting pulse rate. Morehouse (30:27) and Cogswell et al 
(27:129) observe that individuals with higher than average 
resting pulse rates tend to have higher than average post- 
exercise pulse rates and hence are penalized from the start 
in such measures of fitness. Wolf (36:76) indicates that 
postural changes during exercise performance or at rest pro- 
duce changes in the pulse rate, The head down position 
tends to slow the pulse rate while pulse rate is elevated 
when the head is up. 

Several investigators report peak heart rate levels at- 
tained during all-out exercise. In this regard Table I sum- 
marizes relevant findings and indicates the general trend. 

The maximal limit of effective heart rate action remains 
to be evaluated. Over a wide range, Dill and Brouha (10:3),) 
have shown that this limit is by no means uniform. Heart 
rates near 190 beats/min. are probably incompatible with 


effective cardiac output since in cases where this level is 
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TABLE I 


DETERMINATION OF PEAK HEART RATE DURING EXERCISE 


Investi- Age Physical Type of Intensity Range or 
gator Year Range Classifica- Standardized of Mean Peak 
& Ref.No. tion Exercise Exercise Heart Rate 
Knehr Not Untrained 3.5 mph-8.6% (beats/min ) 
et al 1942 Stated College Treadmill followed immed. 197 
(26) Students by 7mph-9.1-13.4% 
Brouha College 7 mph - 
& Heath 1943 17-22 # Athletes & Treadmill 8.6% grade 193 
(22) non-athletes 
Taylor Corl. Stids 162 M/min. 
(16) 1944 19-26 untrained Treadmill 5% inst. Grade 198 
2 Coll. Athl. we 1% inc/min. 
Morse Untrained 6 - 7 mph 
et al 1949 14-17 Active Treadmill 8.6% grade 196 
(37) Boys 
Astrand & Trained Treadmill 10 Km/hr, 1° 
Rhyming 1954 18-30 Adults Step-Test LO om, 22%2/min. 195 
(38) Bicycle 900-1200 kg M/min 
Ergometer 
Hedman 1957 23-35 #£Trained Skiing To 160-190 
(39) Skiers Exhaustion 
Slonim Trained 5a Won 
et al 1957 18-25 Naval Treadmills 20-25% 188 
(40) Cadets grade 
Fletcher Athletic & 22" bench 
(23) 1960 20-46 Sedentary Step-ups 30 cycles/min 140-216 
Adults 
Hettinger Policemen Bicycle 50 RPM at 
et al 1961 20-40 Moderately Ergometer pre-determined 183 
(41) Active load 
Nagle & College 325-5.5 mph 
Bedicki 1962 18-36 Athletes Treadmill Grade inc. 180 
(17) & Non Athl's. to 10% 
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reached the subject is near exhaustion (10:3). 
In conclusion, Taylor's observations are pertinent: 

e « ethe heart rate pattern should be 
looked upon as a sensitive indicator of 
the trend of adaptation to the exercise, 
an integral of many known and unknown 
differences affected by respiratory and 
neuromuscular factors as well as those 
intrinsic in the heart action itself 


(16:208). 
The Effect of Exercise on Oxygen Consumption. Taylor 

states (10:35): 

The rate of oxygen consumption is a highly 

Significant physiological variable not 

only because it represents the physiolo- 

gical cost of the work but because it 

gives evidence of the transport capacity 

of the circulatory and respiratory mech- 

anisms. 
Bruce et al (2:28) found a high correlation (r = .938) be- 
tween oxygen consumption and oxygen transport. Oxygen con- 
sumption during strenuous exercise is proportional to the 
blood flow and is modified by the amount of oxygen taken out 
of the blood by the active muscle tissue, This amount may 
exceed resting values ten to sixteen times (31:37), (38:218), 
13:66), (hl:83). Astrand (25:308) observes: "Provided that 
the mechanical efficiency does not vary too much, the in- 
dividual's capacity for oxygen intake should be decisive in 
determining his ability to sustain heavy prolonged work." 


If the exercise is moderate and uniform in nature, the 


oxygen intake rises gradually then tends to plateau for the 
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duration of the exercise (13:66), (ll:83). The transition 
from rest to work is characterized by a rapid rise in oxygen 
intake to a level corresponding to the amount of work per- 
formed (7:133). Mitchell et al (4.5:538) found a linear re- 
lationship between workload and oxygen intake with progres- 
sively increasing workloads where sufficient time for 
recovery was permitted between increments. 

It is generally conceded that a better utilization of 
oxygen is developed in the process of training (5:163), 
(7:14.31). McNelly observed: 

e e eduring exercise the quantity of 

oxygen absorbed per 100 ce of air breathed 

was greater for the trained than the un- 

trained subjects. This is true in spite 

of the fact that during the preliminary 

rest period there is no significant dif- 

ference between these figures for the 

trained and untrained subject (l,6:101). 
Knehr et al (26:151) found a decline in the mean oxygen 
requirement during grade walking on the treadmill of 1.91 
to 1.78 ls/min. over a 6 months training period. Astrand 
(25:31l.) with confirmation from Morehouse (u:87) explains 
that through training, efficiency can increase. Thus a 
relatively low aerobic capacity can be compensated for, to 
some extent, if the athlete works economically. 

Schneider and Crampton (19:169) studied the performance 


of athletes and non-athletes on the bicycle ergometer and 


concluded that approximately equal amounts of oxygen per 


_ 


25 


aolstecerd ed? «(€:y4l) (Odea!) eat 
stegyxe ni sett bias: s yd besiustosteno at a od " 
-req xxow to tavoms. edt of sntbuaqeerso Love & ei 
-ot «sont s bnvot (S€2:24) So ge ffecodim @Gy 


-setgotg dtiw statat negyxo Sn8 baobirow aeentod ¢ 
tie eos y 


_ ho 


aot omtt ¢aetoflive etenw ebaciaixow ¢ ¥ 

,2tnometonl neented hedtimeeg 4 

Yo moldszifiss retted s dent bebeonod cael AP 
(€0L:2) gnintatd Io epesorq oft at beqofeveb 8 

:bevteado wile an 


ais a 
to ywidasup edd ea tovexe stb 
bedise1d tia To 90 OOL t6eq 4 ‘eum te - 
-ou eft madt Bbetttasd edt : ae s 
oa at euad ef shal watoetdue. B en swt 
“aninifera ery gaiuvb tadd eral Tobey 
135 dusoltiagia om et esedt £ eg + 
eft tol sesvalt esedt noowsed ¢ oie 
.(L0£:0,4\) tostdue bentardm bas: 
cegyxo maom eft at ont loeb 8 Basot (1 
f@.f to ffLimbsers of ao anisiiew ohana 
buetteA ,boite yaintest adtom 0s evo all 
emtaigxs (S84!) sevontetol moat feneRe, tb 
B esdT .eeseroml io Yometotite sactak 
et ,f0l Seteensymoo od mao bigs ste ‘dotes 1 
»vilsoimonooe. aitow 8% oteLiita 
sonemmiotteg sit bothgte. (GOEL) a 


Bae, onemeaes aaneetonaiiae 


\ 
“oO 


© 3a 

8 

past. 

¥ 5 
oa'> 
= 4 


26 


Square meter of body surface was consumed by both groups. 
Freedman et al (4.7) concur where the work is sub-maximal. 
Studying cross-country athletes before and after training 
they observed: 

No differences attributable to training 

were seen in the way a trained or un- 

trained athlete meets the tissue demands 

for an increased supply of oxygen during 

exercise up to levels requiring about 2 

liters of oxygen intake per minute (7:6). 

Balke and Ware (15:83) and Taylor (10:37) are in agree- 
ment with Hettinger et al (1) that the, ". . .maximum oxy- 
gen uptake (aerobic capacity) is probably the best measure 
of a person's physical fitness providing the definition of 
physical fitness is restricted to the capacity of the in- 
dividual for prolonged heavy work" (lL1:153). <Astrand and 
Rhyming (38:221) and Cureton (7:329) state that a more mean- 
ingful measure of fitness to do heavy work is the rate of 
oxygen intake per kilogram of body weight per minute, 
Cureton reasons that a large man will require more oxygen 
than a small man: “When weight is divided out the relative 
efficiency (the rate at which oxygen can be supplied for 
each kilogram of body weight) is more clearly reflected and 
is not just a reflection of the body weight" (7:329). 

It is generally agreed that maximum oxygen uptake can 


be increased with training (20:11), (26:152, (43:67), 
(4293), (Sheh28), (55:1695). 
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Several investigators have determined maximum oxygen 
uptakes using a variety of techniques. Table II summarizes 
th6éir tindings. 

Oxygen consumption is closely proportional to time of 
treadmill running (7:315). Cureton (7:329) computed cor- 
relations of .87 and .3l. for gross oxygen intake and gross 
oxygen intake/kem/min respectively with time for all-out 
performance on the treadmill. He observed, ". . .the rate 
of gross oxygen intake/kgm/min is an excellent measure to 
use to rate the circulatory capacity of an athlete" (7:336). 
Taylor (16:211) found that 05%, C0o% and O05 consumption 
showed moderate correlations with running time of .3l, .06 and 
-.20 respectively for sub-maximal work on the bicycle ergo- 
meter and .45, li and .39 respectively for maximal work. 

Hill et al (48), Krogh and Lindhard (49), Berg (50) and 
Andersen (51) agree that after strenuous work the Oo recovery 
curve is characterized by a rapid initial fall of a few 
minutes duration followed by a gradual decline to the pre- 
exercise level which may last several hours: "After moderate 
exercise the recovery curve is composed entirely of the first 
component" (50:597). Berg (50) determined the reliability 
and variability of the time constants of recovery from mild 
step-up exercise using the test-retest method for 38 male 
subjects. Reliability of C0> and 05 recovery time constants 


were «7 t .12 and .55 t .15 respectively (50:609). The in- 
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TABLE II 


DETERMINATION OF MAXIMAL OXYGEN UPTAKE 


Investi- Physical Method of Mean Maximum 
gator Year Classification Age Determining Max. Op Uptake 
& RefNo. of Subjects O5 Uptake 1/min. 
Knehr Untrained Not Treadmill 
et al*® 1942 Students Stated 7 mph grade inc. 3.69 
(26) from 9.1-13.4% 
Morse Active Treadmill 44,8 cc/Kem/min. (13) 
et al 1949 Boys 13-17 6-7 mph to 
(37) 8.6% grade 50.9 cc/Kgm/min. (17) 
Astrand & Highly Bicycle Ergometer 
Rhyming 1954 Trained 20-30 1200 Kgm/min. 4.15 20,28 
(38) Athletes 
Taylor Trained & Un-= Treadmill 
et al 1955 trained Adults 18-35 7 mph 3.60 2 0.51 
(56) Students 10% grade 
Soldiers 
Buskirk & Sedentary Treadmill 
Taylor 1957 Students 18-29 7 mph Individ. 3.44 7 0.46 
(57) Soldiers Det. grades 
Hedman * Highly Skiing to 
(39) 1957 Trained 23-35 Exhaustion 4, 33 
Skiers 
Slonim Trained Treadmill ri 
et al 1957 Naval 18-25 3.5 mph 4.05 = 0.39 
(40) Cadets 20-25% grade 
Mitchell Untrained Treadmill ‘ 
et al 1958 Active 20-43 6 mph S.c7 = 0.50 
(45) Adults Grade inc. 
2¥G6/run 
Hettinger Moderately Bicycle Ergometer 
et al 1961 Active 20-40 50 rpm Indiv. 2.39 * 0.30 
(41) Policemen Det. Load 


em 


*Indicates peak O5 intake during maximal exercise. 
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vestigator observed: "Different intensities and duration of 
moderate exercise have no effect on recovery constant which 
permits comparison of recovery times between individuals who 
perform varying degrees of work" (50:609). The literature 
supports the findings of Berg (50:603) and Erikson (52:108) 
that recovery time for oxygen uptake is less than that for 
carbon dioxide output with COs recovery time showing greater 
interindividual differences. Average CO> and O5 recovery 
times are more rapid in trained than in untrained individuals 
(50:609), (51:112), (52:19), (53:219). 

In agreement with Balke and Ware (15), Nagle and Bedecki 
(17), Billings ot al (18), Dill (31) ana Taylor (10) con- 
cluded: 

It seems that the subjects maintain a 
linear increase in heart rate, Oo con- 
sumption, % COs in expired air and total 
ventilation up to a certain load after 
which these functions tend to fail to 
maintain the increase while ventilation 
is augmented excessively. The crest 
load at which these functions can main- 
tain their linearity varies both with 
the specific function and with the in- 


dividual subject (10:38). 


The Effect of Exercise on the Respiratory Quotient 


It is apparent that where a critical evaluation of the res- 
piratory quotient is concerned, a clear distinction must be 
made between the measured guotient and the true metabolic 

quotient. It is recognized that there is only one respira- 


tory quotient. The quotient as measured, however, may not 
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reflect the concurrent oxidation in the tissues. In agree- 
ment with Richardson's observation (58:7l.) it is advisable to 
designate the observed quotient as the measured or ventila- 
tory quotient and the quotient due to oxidation as the true 
or metabolic quotient, Exact equivalence of the R.Q. as 
found in expiratory air and the R.Q. of the tissues is ob- 
served only when equilibrium exists between the ventilatory 
and metabolic rates (13, 58, 59). These requirements are 
realized under basal conditions or during the steady state 
of exercise. A better term to use where experimental con- 
ditions cause a deviation from this situation would be the 
respiratory exchange ratio. 

Krogh and Lindhard (1.9), in order to observe the behavior 
of the R.Q. during exercise, experimented with a bicycle ergo- 
meter using work periods of variable lengths and intensities. 
They found: 

The most characteristic feature met with 
seems to be a marked rise, the more pro- 
nounced as the work becomes more and 


more heavy, followed by a fall to sub- 
normal values, i.e., values below .7 


(1.9:4.31,). 
Alveolar samples drawn just prior to, and after the experi- 
ments showed that the R.Q. rose to higher levels than those 
assumed during exercise. 
Bock et al (13) similarly employed the bicycle ergo- 


meter to study 3 sedentary subjects and 1 highly trained 
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marathoner during 20 minutes of sub-maximal work. The sub- 
jects were tested in the basal and non-basal states. Two 
minute samples of expired air were collected after 5 minutes 
of exercise and at irregular intervals thereafter for 60 
minutes. The investigators noted that the R.Q. remained 
near 296 during the interval from 5-25 minutes after exer- 
cise began, then gradually fell. A particularly rapid fall 
in the R.@ was noted during the period of recovery with a 
return to near basal conditions in approximately 15 minutes. 
The authors noted: 

A rise in R.Q. occurs as the metabolic 

rate increases until a limiting value of 

about unity is reached in the hardest 

work which can be carried on in a steady 

state (13:168). 
This conclusion is in accord with Krogh and Lindhard and is 
widely supported by most other researchers. It was also 
observed that where the oxygen consumption was below 1500 
cc/min. the value of the R.Q. tended to remain below .95. 

Best, Furasawa and Ridout (60), in agreement with Hill 

et al (1.8), demonstrated that the severity and duration of 
the exercise greatly influences the R.Q. In exercise of 
short duration, the R.Q. is, in general, proportional to the 
severity of exercise and consequently to the excess meta- 
bolism and oxygen consumption. In very severe exercise the 


investigators state the R.Q. may reach a value as high as 


Le%eceHILi eb Al (48:67) report an R.Q. of 2.03 in one of 


LE 


-due off .oltow Lemtxem-dre to eetvetm OS.g ELEN, "Ee 
ow! ,potede Lersd-con bre fazed oct at beteot e : 
sodunim 2 te¢is betelioo etow tla betiaxe To.) 8. 
00 sot tedteotetd elevtodat tafvgomth ds: Sams abe 
bentames «Ae osit jatid botor erodegiteovnl eff  .wedants 
-toxe astte aedutia 25-2 mort Lavretnt eit galberboot 
fie picaser vlae Luotesnc A .ifLet yifesbang nord 
s titiw ytevocet to botreq oft gaimb begom eames 
ssetvroin ef yLlotemixorqgs of scSthibeo Aaa re 


= — 


olifodaitem est es Btwooo. oPefh uth, salt A | 
to ouisy antt inet t s {lin seaseront evar 

tuebred eft at berfoset et Ytiaw goods 
ybsede 2 al no beitaso ed nbo nokdw 


(80LsG4) | 
et bow Stasboti bea dgow!l déiw beooss obeeb ae 
oats esaw dl s.exedorseaot tedto ts0m. YC: be 
OO@L wofed esw noltanvenoo megyxo edd sxedw 3 
»22, woled mismet ot hebmed «0. ed To, of 
LldH Atiw totem dana at ,(00) Stok SE Bap: aM 
to moltistrb Sas yt iarsves ont tant be $2 Som 
to satorexs oI 1.0. oifd seorteutiat bie ge 
edt o¢ Leaotitocoig ,istecen nt\ et: Or A 
~atem epeoxe edt at ei shsuipnancy pam 
edt ogtoxexe eveved VEN RE Rae: Ls 
as dai es eulav s ‘eae sneer 
to ono at £0.S-To Out. oe oe 


Se 


their subjects. Gould and Dye (6:160) concur, reporting an 
ReQ of 2.0 following severe activity. After attaining 
these high values, Gould and Dye observed the tendency of 
the R.Q. to fall slowly, dropping as low as .6 or .5. 

Dill, Talbot and Edwards (62) employed the treadmill 
to test 10 normal males not in active training. The subjects 
ran for 20 minutes at 9.3 km/hr which resulted in an increased 
metabolic rate 6-12 times the resting rate. Hach subject 
breathed continuously through a mouthpiece until the 9th 

inute of exercise, and again from the léeth to 13th minutes. 

One minute alveolar gas samples were collected at rest and 
during the lL, 8, 13, and 17th minutes of work, The invest- 
igators found a mean resting R.Q. of .80. Where little or 
moderate lactic acid concentration was observed only slight 
changes in R.Q. values were apparent, the average value ap- 
proximating .91. <A slight fall in R.Q. was reported as 
work continued, contrary to the findings of their predeces- 
sors. Where extreme fatigue and rapid accumulation of lactic 
acid occurred, the R.Q. was observed to climb in excess of 
unitye 

Morse and associates (37) worked with 110 boys 10-17 
years old. The subjects participated in (a) a sub-maximal 
treadmill test walking for 15 minutes at 3.5 mph and 8.6% 
grade, and (b) a maximal work test designed to bring about 


exhaustion in 2-5 minutes. Boys 10-13 ran at 6 mph, 8.6% 
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grade, boys 1-17 at 7 mph and similar grade. During the 
walking test the R.Q. during exercise varied between .83 
and .89 for the younger group and remained steady around 
188 for the older boys. The graded running test produced 
mean R.Q. values of 1.01 (10-13 year olds) and 1.15 (1-17 
year olds). 

Daugherty'!s study (63) concerned 16 normal males 20-25 
years old. The subjects were pre-selected on the basis of 
time spent normally in moderate or strenuous physical exer- 
cise. Each subject ran on a treadmill for 6 mins. at speeds 
of 2.3, 3.5, 4.6 and 6.9 mph to exhaustion. The author 
observed R.Q.'s ranging from mean values of .72 at rest to 
-95 during maximal work, 1.06 after 15 minutes of recovery 
and .70 after 120 minutes of recovery. This is in accord 
with previous findings. 

Cureton (7:360) investigated the variations of the R.Q. 
during exercise and the subsequent relationship to training. 
Results were derived from testing a single subject 17 times 
over a period of 6 months. The subject was tested at dif- 
ferent rates of treadmill work following a variety of exer- 
cises. From a resting R.Q of .80 the subject's R.Q. rose 
to 1.12 during severe work. The R.Q. ranged between these 
values for moderate prolonged exercise. In agreement with 
the early research (49:435), Cureton observed that the R.Q. 


was always higher in the first recovery bag than during 
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exercise, rising as high as 1.52 for high energy exercise, 
During subsequent recovery, the R.Q. dropped back to the 
resting level and, ". . ,usually below it to levels as low 
as .56"' (7:366). The subject attained a relatively high 
trained state by the end of the testing period and a drop in 
the resting R.Q. for .80 to .66 was noted. Similarly the 
ReQ. dropped throughout the subject!s performance and re- 
covery times. The findings that for a trained person the 
R.Q. will be lower than that for an untrained person is 
supported by several other researchers, notably Bock et al 
(13:156), Steinhaus (2)::131), Hedman (39:319) and McNelly 
(16:101). 

Hedman's subjects (39) performed work for 2.5 hours 
in the form of ski running at a constant speed on a 750 
meter circular track set on level ground. The | well 
trained subjects, one a championship cross-country skier, 
worked to exhaustion. All subjects fasted for 12 hours 
prior to exercise. Earlier investigations (1.32316) in- 
dicated that the R.Q. during prolonged work tended to 
decrease during the course of the work. Hedman's data does 
not agree. His subjects demonstrated very small variations 
in their R.Q. He concluded that the R.Q. remains high as 
long as the work intensity is high. The R.Q's fell con- 
tinuously for his subjects during recovery up to 6.5 hours. 


Crakes (6l.) studied the effects of an all-out run on 
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the treadmill for 11 well trained milers. His subjects ran 
at 10 mph on a 10% grade for 2:09 to 3:56 minutes. He noted 
(a) resting R.Q.'s from .72-1.30, (b) performance R.Q.'s from 
085 - 2.23, (c) recovery R.Q.'s after 3 minutes 1.13 - 1.60, 
and (d) final recovery R.Q.'s of .67 - 1.33. His data in- 
dicated higher R.Q.'s for the faster runners, a finding, he 
observes, not reported in any other study. 

The Effect of Exercise on the Maximum Breathing Capacity. 
Few studies have investigated the effect of systematic exer- 
cise on the resting maximum breathing capacity. Three studies 
seem pertinent. 

Lewis and Morton (65) tested the effects of exercise on 
the MBC of 5 medical students. A Tissot spirometer was used. 
The subjects participated in 3 successive trials each of 15 
seconds with a lL5 second rest period between attempts. The 
subjects walked for 5 minutes on a treadmill at ) mph and 
3.5% grade, then undertook the 3 MBC tests. The investi- 
gators found an increase in the MBC from a mean value of 
193.1 l/min. at rest to a mean 205 l/min. after exercise, 

(p 2.001). They concluded that the MBC is increased during 
hyperpnea following exercise. 

Freedman et al (1.7) studied three cross-country athletes 
performing standardized work on a bicycle ergometer and dur- 
ing a step test in order to investigate the cardio-respira- 


tory effects of training on athletes. Two of the subjects 


cia 


aay atoetdwe sii svevetim ben tert Dfew Lied 
beton oH .aetuntin O2+€ of CO2S Tot ebaty | 
mort 2'sH. sonaterotted (d) 08 eE=8T mee 
Odsl = ELL beduntin € todte siipah colicin 
~nl stab el .f€.f - Td. To aoul yrevoser | 


ed ,gotbalt s ,eteanut retest eft tod 2 oun tem 


Ydute rvermto yor af vosmouen 9 


Yt losged: ynidzest® mumixeN oft so ee: 919% ole 


~rexs oldaneseye to soetie art ciosintadiiealanta 
eelbute soniT .vdlosqss umkdtaond ionsciiiinanidh f ? 


mp onfetexe to etoeits eat betest (20). 


«beau eow tetenotige toenlf A .etnebute Ino iiem 
ei to dons ainiat oviereooue § at hoteqtotes 
eit ,atquetis coowted polteg toon brosee By | 

Sas sqm yi te {flmfiserd = no aoduntn’® tok B 

-fttsevat eff .edeod OSM’ £ sit sloo —_ 

To eviav nser's mott 08M oAt mt de 

ontoraxe TedtA NE 208 ono 
ahith Deaseton?t et Da 6d daikt 


PA Se a si ; 
esteidts yrtmucosesono. vcs iin fs *: 


bode - : 
— TD Date Tosoaiogre beth di 10 xc ow BOE pass 
aa nt ict vagitas eae — at 


36 


were studied in an untrained state and again after 2 months 
of strenuous activity. MBC's were determined according to 
Baldwin (66). The mean resting MBC for the trained athlete 
was 178 l/min. For the other 2 subjects, ". . .the in- 
creases in maximum breathing capacity found after training 
was complete ... are definitely significant" (17:15). The 
level of significance was not stated. MBC'ts increased from 
160 - 202 l/min. or 26%, and from 165 - 202 l/min. or 22% 
respectively. The investigators attribute the gain to an 
", . eincreasingly efficient utilization of the muscula- 
ture of the thoracic bellows" (7:5). 

Balke and Clark (67:8h) also report an increase in the 
MBC during work on a treadmill following 8 - 12 weeks of 
training. 

Ogilvie et al (68) studied the MBC of hospital patients 
with normal chests while exercising on a motor driven tread- 
mill for 3 minutes: "The severity of the exercise was such 
that further increase was prevented by shortness of breath" 
(68:101). Mean age of the group was 29.4. years. The Douglas 
Bag technique was used with the subjects breathing at rates 
of 0, 60, 80 and 100 breaths per minute in time with a 
metronome. These results were compared with those obtained 
by the subjects! voluntary breathing rates. The order of 
the tests was randomly assigned. The mean resting MBC's were 


observed to be 113.9 l/min. at 0 breaths/min., 128 1/min. 
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at 60 breaths/min., 130.2 l/min. at 80 breaths/min., 13 
1/min, at 100 breaths/min. and 11.9.6 l/min. for the volun- 
tary tests with a mean rate of 96.6 breaths/min. It was 
observed that the maximum volume of air was respired during 
the voluntary trials. The results concur with Bernstein et 
al (69) who established that the BG is dependent on the rate 
of breathing, the largest values being obtained at a level 
around:100 breaths/min. 

The experimental techniques and findings of 13 other 
investigators, concerning the resting MBC, are summarized in 
Table Ill. Several pertinent observations are revealed as the 
result of their research, 

Motley (80:103) states, "The value of the MBC measure- 
ment as a test of pulmonary function is recognized by all 
individuals actively engaged in pulmonary function studies 
at the present time."' Unanimous agreement was found with this 
statement by the investigators reviewed. A serious limitation 
of the test, however, is revealed by Comroe (18:366) and Comroe 
et al (82:130), and which is generally supported by other re- 
searchers. 


Normal figures obtained in different 
laboratories vary as much as 32% ac- 
cording to the type of apparatus used 
and the resistance it offers to breath- 
inge Until similar apparatus and pro- 
cedures are employed universally it 
seems inevitable that each laboratory 
must calibrate its own apparatus and 
secure its own normal standard values. 
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Accordingly, therefore, reduction or increase in MBC must 
be large to be considered significant: "Usual practice is 
to regard £20% of the normal predicted value as the normal 
range" (63:22). 

D'Silva and Mendel (72:323) in agreement with Baldwin 
et al (66:251), report that the degree of individual co- 
operation was found to have a significant effect on determin- 
ing the MBC. Bernstein (69:261), Needham (76:31), and Comroe 
(82) concur observing that this factor greatly reduces the 
effectiveness of the test, 

Gilson and Hugh-Jones (71) found that considerable 
variation exists between an individual's performance in 
successive experiments conducted during the same day or 
on subsequent days. D'Silva and Mendel (72:327) state that 
when respiratory rate is controlled variability on any one 
day is small. Shephard (77:3) observed that the MBC does 
not change by more than 10 liters over a wide range of res- 
piratory rates. He states, ". . .the total alveolar 
ventilation is very similar whether a few deep breaths or 
many shallow breaths are taken" (77:6). Shephard also con- 
cludes that the use of a regulatory device for establishing 
breathing rates produces a smaller and more variable ven- 
tilatory volume because of a diversion of concentration. 
Grey et al (73:677), Knowles (83:21) and Rossier (59:135) 


agree that the depth and rate of breathing should be deter- 
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mined by the subject himself. Comroe et al (82:129) state, 
". « eas a rule maximum ventilation can be attained only 
by voluntary effort." 

Knowles (83:21), Comroe (81), and Grey (73:678) found 
that the learning technique is largely completed after the 
first trial. Gilson and Hugh-Jones (71) report no evidence 
of a learning effect, Ferris and associates (7l1:660) ob- 
served a substantial training influence with very young 
subjects, which, in itself, could account for this finding. 

Grey (73), in agreement with Baldwin (66) found that 
the standing MBC is 3-5% higher than when seated, 

Baldwin et al (66) also found a significant negative 
correlation between MBC and age (-.72), height (-.3), and 
with body surface and age (-.7l.). Ferris (7l.) recommends 
the calculation of MBC be based on age, height, weight and 
body surface area for young groups. 

The Use of the Treadmill as a Test of Cardio-Respira- 
tory Fitness. Exercise tests are used extensively but 
differ widely in detail consequently the comparison of re- 
sults obtained from different laboratories is frequently 
difficult (85:391). If submaximal tests are employed, the 
intensity and duration of the exercise cannot exceed the 
capacity of the poorest subject. Maximal tests must bring 
all subjects to a comparable degree of exhaustion (16:200). 


The tests should be simple and standard in order to minimize 
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Skill ad motivation (10:27). Varying requirements for 
tests of circulo-respiratory fitness are reported, Astrand 
and Rhyming (36:21) indicate that the type of work performed 
should engage the large muscle groups and the work level 
must be relatively high. Balke and Ware (15), Billings et al 
(18), and Astrand (25) agree that: 

The work load should be gradually in- 

creased and the increase must not be 

made too rapidly as the organism must 

be given time to adapt itself to the 

demands of the work (25:323). 
Cureton (7), Gallagher and Brouha (6l.) and Darling (20) re- 
commend that the test be severe enough to insure a maximum 
blood flow: 

The test need not have to be a test at 

the very fastest running speed but it 

must be a maximal test which will over- 

load the circulo-respiratory capacity 

enough to bring about complete exhaustion 

within 5 minutes or less (7:31). 

Billings et al observe that a major difficulty in exer- 
cise tests involving fixed work loads is the fact that a 
work load which may be light for athletes may be maximal for 
sedentary subjects (18:100l.). Darling coneurs (20:1));2) and 
therefore recommends a maximal test for all subjects. The 
exercise must also require a uniform rate of energy output 
for co-operative and non-cooperative subjects alike (20:12). 
Astrand (25) suggests that it is not possible to present 


any quantitative data on the effects of training since phy- 


sical condition prior to training and the intensity of 
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training per se, are factors difficult to define and repro- 
duce. Durnin et al (5:162) do not agree. They suggest that, 
". . ephysical condition before training can be deduced, at 
least in part, by the reactions of a group of subjects toa 
standardized exercise prior to training; and that there is 
little reason why the intensity of training cannot occasion- 
ally be controlled and defined." For precise research Erick- 
son et al (85) establish the superiority of the treadmill on 
the basis that (a) workload on the treadmill is fixed with- 
out any requirement for the subject to keep time, (bd) skill 
and apparatus factors are at a minimum, (c) a larger total 
energy expenditure is obtained, (d) the work is automatically 
adjusted to body size. 

The training factor is not a significant influence on 
improved treadmill performance time (18:1006), (20:1h0), 
(35:576), (85:393), (86:132). Erickson et al (85:393) found 
that oxygen consumption measured during the second treadmill 
performance gives a valid figure which is not influenced by 
increased experience in treadmill walking. The investigators 
conclude, ". . .prolonged training (on the treadmill) does 
not produce a consistent improvement of efficiency for the 
duration of several months" (85:39),). 

Further investigation into factors which may influence 
treadmill performance was conducted by Durnin and Namyslowski 


(35). Ten men and ten women participated in l. standardized 
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activities (a) lying (b) sitting (c) walking on a treadmill 
at 3.2 mph and zero grade, and (dad) walking on a treadmill at 
2.7 mph and 10% grade. The investigators concluded (35:576): 
(1) It is possible for many purposes to ignore the effects of 
time of day on the metabolic cost of any activity. (2) Tests 
conducted on different days had no effect on results. (3) 
There were no measurable effects due to changing external 
temperature and barometric pressure. (lL) Training exerts a 
negligible effect within the limits of the experiment con- 
ducted. (5) Emotional aspects such as mild apprehension had 
little effect on gross metabolism. 

Balke and Ware (15) developed a treadmill test fre- 
quently employed to determine an individual's work capacity. 
Their method requires that the subject walk on a motor 
driven treadmill at the rate of 3.l, mph with the grade in- 
creased one degree per minute. They feel that this increase 
in grade is so slight that functional adaptations to in- 
creased energy demands can be realized in a few seconds. 
After considerable study of the physiological responses to 
treadmill work they concluded that the time it takes for the 
heart to reach 180 beats per minute constitutes a valid test 
of circulo-respiratory capacity. The working hypothesis is 
that the pulse rate at any given work load closely reflects 
the status of the individual's work capacity. At 100 beats 


per minute the investigators observed signs of physiolo- 
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gical deterioration. While maximal work capacity usually 
reaches beyond this point, they feel that further work is 
not paralleled by further adequate functional changes. 

These findings have been confirmed by Nagle and Bedecki (17) 
and Billings et al (18). Balke and Ware report a test-re- 
test reliability of .82. 

Treadmill performance at 7 mph has been studied by 
several investigators (7, 22, 37, 56, 57). Seven miles per 
hour was selected by Taylor et al (56), ". . «since it is 
the slowest speed at which all subjects appear to be forced 
to maintain a running stride and it is slow enough to insure 
a wide range of capacity it can be tested satisfactorily" 
(56:75). Cureton states: 

At about 7 mph and 8.6% grade treadmill 
running, an ordinary healthy young man 
will develop approximately maximal blood 
flow. At rates of speed above 7 mph, all 
but the best athletes will "tense up" and 
the blood flow through the arms and legs 
and through the total heart lung circuit 
will be impeded, thus causing them to 
"tie-up sooner" than if they were able 

to hold a normal full running stride with 
good relaxation throughout the run (7:31l). 

Erickson and associates (85) summarize the results of 
systematic study of treadmill walking at 16 different com- 
binations of speeds and angles over the range 2.5 - l..O0 mph 
and 0 = 10% grades. Their conclusions establish several ad- 


vantages of the treadmill as a standardized exercise. (1) 


There is little training effect. (2) The small intrinsic 
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variations imply good reproductibility. (3) Comparatively 
small variations of speed and grade produce accurately 
measurable differences of energy expenditure (85:),00), It 
is apparent then, that the treadmill has the possibility of 


wide application in fitness testing (20, 25, h2, 85). 
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CHAPTER III 


METHODS AND PROCEDURE 


Selection of Subjects, Thirty healthy male subjects 


between 17 and 23, mean age 19,65 years, were selected at 
random from the general student body enroled at the Univer- 
sity of Alberta. Although most subjects were active, none 
had participated in any regular or systematic exercise for 
one month prior to participating in the study. The subjects 
were equated on the basis of performance times on a prelimin- 
ary Balke-Ware treadmill test (1) then randomly assigned to 
one of three groups of ten members each. 

Group A - The subjects participated in the 5BX 
program of exercise (2:21=-31). The group was divided into 
two sub-groups Aj, and A>. Both groups participated in the 
first by exercises as specified, Sub-group A, was assigned 
running on the spot as their 5th exercise. Sub-group Ao ran 
the specified distances as their 5th activity. The 5BX pro- 
gram was thoroughly explained and demonstrated. Hach sub ject 
began at the Belevel of chart #1 and progressed as rapidly as 
he could meet the standards designated at the maximum rate of 
2 levels per day. Each subject trained five days a week, for 
five weeks, No training was done on week~ends or on testing 
daySe 


Group B - Members of this group participated in a 13 
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station Circuit Training Program as outlined by Howell and 
Morford (3:12;App.B). Each subject began exercising at the 
Red #1 level. Training procedure was the same as for Group A. 
Group C - Members of this group acted as control, 
They followed their regular daily schedule of activity but 
were requested to refrain from participation in any regular 
or systematic activity. Individual histories were kept con- 
cerning any physical activity in excess of usual daily prac- 
tices. Testing was administered in the same manner as out- 
lined for Groups A and B, 

Testing Procedure. In order to familiarize the subjects 
with the equipment and testing procedures, one week prior to 
the initial test each subject walked the Balke-Ware test 
(1:676) to completion then ran at 7 mph on an 8.6% grade for 
@ maximum period of 2 minutes following a 15 minute rest. 

The subjects reported to the laboratory by appointment 
attired in gym shorts, socks and running shoes for the tread- 
mill tests. The two treadmill tests were conducted 2 days 
apart. With few exceptions each subject was tested on the 
same day and at the same time of day during each testing 
period. 

Testing was conducted immediately preceding the exercise 
programs, after 2.5 weeks and upon completion of the 5 week 
training period. 


Three performance tests were administered during each 
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testing interval. 

(1) The Balke-Ware Test (1:676) was administered 
as a test of sub-maximal work, The subject walked on a motor 
driven treadmill at a rate of 3./, mph with a grade increase 
of one degree per minute until his heart rate reached 180 
beats per minute, 

(2) A running test as outlined by Cureton (l):31)) 
was administered as a test of maximal work, The subject ran 
at a speed of 7 mph on an 8.6% gerade until muscular fatigue 
or exhaustion forced him to conclude the test. 

(3) A Maximal Breathing Capacity test was adminis- 
tered as a test of respiratory function. Subjects reported to 
the Gardio-Pulmonary Laboratory at the University of Alberta 
Hospital by appointment. Each subject breathed into a closed 
circuit Godart Pulmotest Spirometer by means of a 'Y¥! valve 
connected to the spirometer by 1.5" rubber hosing. A clamp 
sealed off the nasal passage. All subjects stood during the 
test. Following specific instructions concerning the require- 
ments of the test each subject exhaled maximally, the 'Y' 
valve was engaged to close the circuit and the test begun, 
After filling his lungs each subject proceeded to breath into 
the spirometer as deeply and as rapidly as possible for 15 
seconds. With the exception of a brief preliminary exhorta- 
tion according to D'Silva and Mendel (5:325) no further 


direction was given concerning the pattern of the rate and 
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depth of breathing that should be followed (6:667). Perfor- 
mances were recorded on a kymograph rotating at a speed of 

60 mn/min. The temperature of the air in the spirometer was 
recorded continuously. Two trials were performed by each 
subject with a 10 minute rest between trials. The MBCs were 
computed from the kymograph records, corrected to BTPD, and 
the higher value obtained on the 2 tests selected as the 
subject's score, MBC tests were conducted on the Saturday of 
a test week. 

Heart Rate. A #51 Sanborn Electrocardiogran provided a 
continuous record of the subjects! heart rate. Two electrode 
plates were positioned by means of an elasticized band on the 
lateral aspect of the rib cage immediately below the inter- 
section of a perpendicular line descending from the acromio-~ 
Clavicular joints and a transverse line through the nipples. 
A third electrode plate was grounded in a similar manner in 
front of the left temple. Redux electrode paste was used to 
reduce skin resistance, This procedure provided a clear de- 
flection with minimum interference during activity. The 
subject stood quietly on the treadmill until 2 identical 
pulse rates were obtained 15 seconds apart following ae 
minute waiting period. This figure was recorded as the rest- 
ing heart rate and the test was then begun. During the 
Balke-Ware test, the heart rate was recorded every minute 


until it reached 165 beats/min, At this point it was recorded 


-ro1red .(¥dd;0) Sowollot ed bfvorlh agi geiaee 
oe 
"> beeqa s ta uditvater dupegosyt ames 


auw tedemotice eff xl tla ortt lo exedagea 

> 4 "* 

ose yd besotted erew ale lie owl “en 

i- 

aesew aDlM ent <.elsits seswied geen od urciee Os 
bis ,(S?S oF betosetoo ,bbtose: Agetsom 

ait as bedoolee stset S oct mo Bbemie do 4 


to yebuutved eid co betoubnos stow afaeg Dent 


& bebivots metsobbrssortoedal mrodiske LU we a 
shoitoels owl! ,oJat taged *etogbdcite edd tet 20: 
- 

edt no Drud Dbeetofvas le on To amen pe 
-telal odd weled ylode tbemmt syev dia ent | 


ofmotoa efv aot geutiespdel egil ceiiokee 


~ 


,cofacin act davendd onkl seveversad 2 fe 
i mt tennen talimic « ab Debmicty. saw oteiq. @ 


od Soa, saw staaq ebondoule -xyhen aa iia 
. - ees? 
-65 tselo s beblvong etibesere Balt lee . 


on 


| D> ia 


ed? .¥tivittos onieb scnenotrodnt Be) sig 


| igolitneb! S$ ita LL Leib 9*at ait wa rid: 


S a gaiwoiflot sreds sbunsda at b 
~tae; sit 4 hebtoser gew sawg tt ae 


aid airing? \.yrdced seeds saw fat te 


eer 
odsaretier yreve Dehteget, 2ay Stat a weite 


bebuose: saw F2 tn tog etay, thot baal asta 


Rts 7 
a on 


59 


YALAWONIdS 
LSALOWTINd LYVdOS 


WALSAS OVA SVTONOd AGNV 
YaAZAIVNV’ OO dady-VaAANI 
HdVADONdVO AH# LAVAGOSD 


MAZAIVNV CO 7-A# 
‘dWNd ‘d‘H ST/I SNITIOO 
‘ALAWOSVD NVOINAWV Z08# 


LSAL AONVNNOAN Ad TIINGVANL 
dO SNLVAVddV ONILSAL 


BAPROLBESL 


DR ELEK 
2AVKS 


Zbi 
i 


VEASES 


2TMOHS bite 


——— 


_ $E-T Oyu 


Corry 


WROS VRERIGVY CYZONE 1E6 


BK 
BVH 


) 
= 


r"YRVPAS 


COBY tke CVEMO: 


~s 
Le 


* 


f2R¥a CALI EV 


~\4e ¢ 


D HOncr 


vast 
wR 


= 


iP BESEGWAVUCE LE2L 
FLEW Lhe £08 


? 
ae 
{ 
= 


* By Fat 
LReLIAC 

7 aa 

De a 


60 


every 30 seconds. During the running test the heart rate was 
recorded every 30 seconds. Upon completion of the tests the 
subject remained standing on the treadmill and his recovery 
heart rate was recorded each minute for an additional 5 
minutes. 

Apparatus, To collect expired gas, the subject breathed 
through a rubber mouthpiece into an Otis-McKerrow 2-way valve 
connected by 1.5" rubber tubing to a series of 5-60 liter 
Douglas Bags. A 3-way #P~321 Thomas valve was placed at the 
junction of the airway leading from the mouthpiece into the 
Douglas bags. <A second 1.5" rubber hose leading from this 
valve was connected to a Collins j/P-553, 1/15 hp pump con- 
nected by 1.5" rubber tubing to a #802 American Gasometer. 
Expired air was drawn through the gasometer in this manner 
and volumes determined. liach Douglas bag was fitted with a 
#P=321 Thomas 3-way valve and serially connected to the nex 
by 12" pieces of 1.5" rubber tubing. A clamp secured the 
1/l."" exit tubing leading from the neck of the Douglas bags. 
Expired air was drawn from the bags through this exit tubing 
via 1/l"" vinyl hose into a Becknan #E~2 Op analyser and 
through a #KK Godart Capnograph infra-red CO analyser. Both 
gas analysers were carefully calibrated prior to use and at 
regular intervals during the testing procedure. 

Respired Air Analysis. During the Balke-Ware test ex- 


pired air samples were collected at rest immediately prior to 
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treadmill performance, after 1, 5, and 10 minutes of exercise 
and when the heart rate reached 165, 175 and 180 beats/min. 
Since terminal performance time varies greatly with the in- 
dividual, the heart rate limits specified were selected as 
more appropriate standardized intervals during which to study 
the cardio-respiratory variables considered for each subject. 

During the running test expired air was collected im- 
mediately prior to exercise and after 1, 2 and 3 minutes of 
exercise. A terminal air sample was also taken when a signal 
from the subject indicated he was entering his last 30 seconds 
of work. Where distress was indicated previous to 3 minutes 
of performance a terminal saiple was taken at that time and 
the 3 minute bag eliminated, Following the terminal gas 
sample each subject was encouraged to continue running an 
additional few seconds to insure a maximum effort, 

Recovery samples were collected 1 and 5 minutes after 
exercise for both treadmill tests. 

With the exception of the resting air sample which was 
taken for 30 seconds all gas samples were collected for 15 
seconds only in order that the Op and CO» determinations 
would be close representations of the gas exchange at the 
specified intervals. The subjects remained standing through- 
out the tests. 


Gas volumes were multiplied by li. and corrected to STPD 
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The volumes of inspired air, oxygen and carbon dioxide were 
computed according to Rossicr et al (5:48), and Consolazio 
et al (11:335). | 

Statistical Treatment of the Data. The null hypothesis 

was that no difference existed between the means of the dif- 
ferent variables considered, 

Mean values for Groups Aj, Ao, B, and C for each of the 

three test periods were computed for 

a) performance time during the Balke-Ware Test; 

b) performance time during the running test; 

c) the MBC tests; 

d) resting, exercising and recovery measures associated 
with heart rate, R.Q., Oo consumption and COo pro- 
duction. 

Since the effect of the experimental condition may 

reflect itself not only in a mean difference between the 

two groups but also in a variance difference, F tests to 
determine homogeneity of variance were computed for the data 
to be statistically evaluated (9:10). Tests of significance 
of the difference between the means were computed for corre- 
lated samples according to Ferguson (9:138,App.A). Statisti- 
cal treatment of the data was undertaken for scores obtained 
for the 

a) Balke-Ware Treadmill Tests, 


b) Treadmill Running Test, 
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c) MBC Tests, 

d) Resting Heart Rates. 

Where data for subgroups Ay (n = 5) and for Ay (n = 5) 
were compared to that of groups B (n = 10) or © (n = 10), the 
subjects comprising the subgroups were statistically compared 
only with those subjects in groups B or C with whom. they 
were originally equated, 

Graphical Representations. Graphs were plotted for 
groups Aj, Ao, B and C for each of the three test periods 
as follows: 

1. Graphs indicating the relationship during exercise 
between 

(a) performance time and heart rate, 

(ob) performance time and R.Q., 

(c) performance time and O5 consumption, 
(d) performance time and C05. production. 

2. Graphs indicating the relationship during a 5S minute 

recovery period between 
(a) heart rate and recovery time, 
(b) R.Q. and recovery time, 
(c) O5 consumption and recovery time, 
(d) COs production and recovery time. 

3. Mean performances during the three testing periods 

for the l. groups involved were plotted for the Balke-Ware 


tests, the running tests and the IMBC tests. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
RESULTS 


TREADMILL PERFORMANCE 

(a) Balke~Ware Test. Experimental group A (16.7 mins.) 
and B (16.7 mins.), and control group C (16.6 mins.) were 
equated on the basis of initial performance times for the 
Balke-~Ware test. Group B (circuit) exhibited the greatest 
improvement (Fig. 1; Tables IV, V), with a mean gain of 1.60 
minutes after 5 weeks of training (p< .05). Group A (5BX) 
gained an average 0.9 minutes during the same training in- 
terval (p < .10). Control group © showed a mean loss of 
0.70 minutes after 5 weeks, the greatest loss of 1.00 minutes 
occuring during the first 2.5 weeks. Neither loss was sig- 
nificant (p >.20). No statistically significant differences 
(p < .05) was found between groups A and B (p >.50) or be- 
tween groups A and C (p< .20) on the final test (Table VI). 
Group B, however, showed a significant mean gain of 2.0 
minutes over control (p< .05) on the final test performance. 

When performance times of subgroups Aj (16.5 mins.) and 
Ao (16.8 mins.) were compared with those for groups B and © 
(Fig. 2; Tables V, VI) group Aj provided the greatest in- 
crease during the 5 weeks of training of 1.70 minutes oe GOS)% 


This increase was realized after the first 2.5 weeks of exer- 
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mill Test. 

(MINS) 
19 


18 


as 


/6 
oe O - 5Bx (Run) 

ey - 5BX (Spot) 
I5 XM - Circuit 


® - Control 


oO Tresy 


Owks 2.5 WKS SWS INTERVAL) 
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mill Test Group A Subdivided. 
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TABLE IV 
MEAN PERFORMANCE TIMES (MINS. ) 


BALKE-WARE TREADMILL TEST 


A 


q B C 
GROUP mrns. SD. 


Ag | 
MINS.-SD. . MINS. SD. . MINS... SD. 


16.72.80 16.55°3.3) 16.842.5) 16,743.25 16.6%2.43 
T/elceetl: LOed. Sel5 oLbs5 2ek0 17001 22bS | 150051689 
17.62.39 16.68 4,95 16.521.34 18,323.44 15.9%1.77 


TABLE V) 


INTRA-GROUP COMPARISON OF BALKE-WARE TREADMILL PERFORMANCE 
BETWEEN INITIAL AND FINAL TEST SCORES 


a eeaaeenene et meetttRaenenmn earaeeten cee  e 
gee ees Ene 2 ee A LE LL ELI LE A 


MEAN OF ST, ERROR 
GROUP DIFFS. (MINS. ) OF DIFFS. t P 
A O69 ae 2.076 <s10 
B le 0.51 2.551% #05 
C 0.6 0.55 1.109 >-20 


#Sig,at .05 level. 
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cise and was maintained through the final half of the ex- 
perimental period. Group Ay, gained 0.10 minutes for the 
same training period and experienced a loss of 0.20 minutes 
in performance time between the first and second test inter- 
vals. No statistically signigicant differences between the 
means (p< .05) was found between groups Ay and Ay on tests 
2 and. 5 (pa «20)}, Aj and B on test 3 (p > .50) nor between 
groups A, and B on test 3 (p< .20). Significant gains were 
observed between group Ao and control on tests 2 and 3 
(p< .01) and in group Ap between the initial and final test- 
ing periods (pe .05). 

The test-retest reliability coefficient (N = 30) for 


the Balke-Ware treadmill test was .880 (p <.01). 


(0) Treadmill Run To Exhaustion. 'Ft tests for homo- 
geneity of variance and 't' tests to determine any signifi- 
cant differences between the means on the initial exhaustion 
run scores (Tables XIX, XX App. A) provided evidence that no 
Significant difference existed between the groups and that 
they were, in fact, drawn from the same population. On this 
basis the assumption has been advanced that groups A, B and 
C remained equated for this test. 

Group B (Fig. 3; Tables VII, VIII) exhibited the largest 
mean gain (1.02 mins.) following the 5 weeks of training 
(p< .01). The mean increase of 55 seconds for group A was 


also significant (p< .01). No significant difference was 
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Figure 3. Mean Performance Times Treadmill Run To 
Exhaustion. 
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Figure 4. Mean Performance Times Treadmill Run To 
Exhaustion Group A Subdivided. 
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TABLE VI 
INTER-GROUP COMPARISON OF BALKE-WARE TREADMILL PERFORMANCE 


FINAL TEST SCORES 


eee 8 ee ee 


GROUPS MEAN OF ST. ERROR 

COMPARED DIFFS. (MINS. ) OF DIFFS. t P 
A = © id 0.9L 1.75 Zec0 
B -G 243 0.96 2ek0 20 
A, - Ao 169 ne 1.673 <+20 
Ay - B cae | 0.5 1.900 rAd) 
Ay = Cc 0.6 0.93 Oe ry: >. 50 
Ao -~ ¢ 246 0637 7209 ki <.OL 
“Sig. at .05 level. “Sig. at .O1 level. 

TABLE VII 


MEAN PERFORMANCE TIMES (MINS. ) 


TREADMILL RUN TO EXHAUSTION 


A. 


Aq A B C 
MINS. S 


oD. MINS. SD. MINS. SD. MINS. SD. 


2.9u¢0:36 2.9t0:26 3.38%0:23 3.17%0:48 3.43t0:55 
3e3ut0O:h1 =82.9140:35 3.77f0:30 3.9620:48 3.37f0:42 
3.86t0:55 3.20¢0:33 b.S2to:k2 .19t1:11 3.5250:.6 
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found between performance times of groups A and B (Dp S420), 
A and GC (p >.50) or B and © (p< .10) upon evaluating the 
final test scores (Table IX). 

When subgroup A> was compared with groups B and C, the 
mean increase of 1.1), minutes in performance time by group Ao 
provided the greatest gain (p< .05) by any of the experi- 
mental groups during the initial and final test intervals 
(Wie. 4; Tables VII, ViITI). 

For purposes of statistical intergroup comparisons in- 
volving subgroup Ays differences in gains in performance 
time were considered for all groups. This was necessary 
since the mean score for the initial exhaustion run for 
group A, was lower (p < .10) than that of the other groups. 
Any statistical differences between the scores could thus be 
more accurately detected. Analysis of the final test scores 
indicated that subgroup Ap was not statistically superior to 
Ay (p >.20) in performance time gains. Subgroup Aj showed 
amean gain of 13 seconds over the 5 week training period 
(p< .05) but no statistical differences (p< .05) were re- 
vealed between A; and the other groups for the final test 
period, 

The test-retest reliability coefficient for the tread- 


mill run to exhaustion (N = 10) was .734 (pa .02). 


(c) Maximum Breathing Capacity. Since 'F!' ratios and 


'tt scores (Appendix A) determined from the initial test data 
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TABLE VIII 
INTRA-GROUP COMPARISON OF TREADMILL RUN TO EXHAUSTION 


} 


BETWEEN INITIAL AND FINAL TEST SCORES 


MEAN OF ST, ERROR 
GROUP DIFFS.(SECS.) OF DIFFS. ? P 
A rece Lele 1.216% €<01 
B 19.5 15.31 34233% 2.02 
C 92 10.78 0.853 >.20 
Ay beet 1243 3h. 39% 2205 
fe) Salt ride, ers |. 269.3% 205 
%Sig.e at .05 level. “eSig. at .01 level. 
TABLE IX 


INTER-GROUP COMPARISON OF TREADMILL RUN TO EXHAUSTION 


FINAL TEST SCORES 


GROUPS MEAN OF ST, ERROR é 

COMPARED DIFFS. (SECS. ) OF DIFFS. P 
A -¢ 173 30—l 0.573 3-50 
Be .-= GC . 22.25 Leeit 210 
A; - B 22,32 ope) 1.974. < 20 
Ay - C hel 23.6117 0.1.8 — 
A> - C 70.0 35-00 2.000 e020 
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indicated that the 3 groups were homogeneous in variance 
(p > .10) and revealed no significant difference between the 
means (p > .50), the assumption that the groups A, B and CG 
remained equated for this test was also advanced. 

Following the initial test, the mean MBC scores for all 
3 groups were very closely matched (Fig. 5, Table X), vary- 
ing only by 3.9 l/min. After 2.5 weeks of training the 
resting MBC's showed little change and were only slightly 
lower on the second test determinations than on the first, 
for all 3 groups. The inter and intra-group variation be- 
tween first and second test scores was less than 5 l/min. 
Large gains were observed over the last half of the experi- 
mental period for group B with a mean increase of 23.7 l/min. 
between tests 2 and 3. Group A improved over their second 
test performance by 7.6 l/min. Control group C also ex- 
hibited a mean gain of 11 1/min. during this period. There 
was no statistically significant difference (p< .05) between 
the groups on test 3 (Table XI). The gain in performance 
between initial and final test periods by group B was sig- 
nificant at the .02 level of confidence. Group A (p >.20) 
and Group C (p > .50) showed no significant gains after 5 
weeks of training (Table XII). 

An analysis of the data for the subgroups A, and A» 
(Fig. 6; Tables X, XII), revealed that group Ay experienced 


no change in MBC after 5 weeks of training and returned a 
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Figure 5. Mean Resting Maximum Breathing Capacities 
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Figure 6. Mean Resting Maximum Breathing Capacities 
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mean performance for the final test of 6.5 l/min. lower 
than their initial score. In contrast, group A; closely 
paralleled the trend established by groups B and CG during 
the 3 testing intervals, with a mean gain of 21.7 l/min. 
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TABLE X 
RESTING MAXIMUM BREATHING CAPACITIES AND 


MEAN RATES OF BREATIIING (BREATHS/MIN. ) 


GROUP A Ay Ao B C 

TEST 1 O WEEKS OF TRAINING 

L/MIN. 154.67 155.0 154.3 ae ae 153.8 
SD 2Gu0 23667 ualoPas) 226.6 £28.0 

BR/MIN. 98 5 a 83 103 91 

TEST 2 WEEKS OF TRAINING 

L/MIN. 19 ht 152.9 115.8 151.8 srw 
SD $33.1, +54 eet) +20.6 +22,.8 

BR/MIN. 93 102 Bh. 90 101 

TEST 

L/MIN. 162.3 LfOe7 Livpee 178.5 16)..8 
eo £36.6 ae Pe: 416.9 aE 

BR/MIN. 89 be Oh 92 8 
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TABLE XI 


INTER-GROUP COMPARISON OF RESTING MAXIMUM BREATHING 


CAPACITIES FINAL TEST SCORES 
———————————— 
GROUPS MEAN OF ST. ERROR 
COMPARED DIFFS. (L/iIN. ) OF DIFFS, t Pp 
A. =«~ B LO V20 13.49 1.205 2620 
A -C a OY 16.51 0.125 >-50 
B.-+ 06 19.65 Tiss 1.653 art 
AT -C 22,50 2b. 51 edhe 420 
A> = B 20410 13479 1.893 < +20 
A> - C 2.197 eine 


37.10 1.98 


TABLE XII 
INTRA-GROUP COMPARISON OF RESTING MAXIMUM BREATHING 


CAPACITIES BETWEEN INITIAL AND FINAL TEST SCORE 


MEAN OF ST. ERROR 
GROUP DIFFS. (L/MIN. ) OF DIFFS, t p 
Oe i o,21 0.902 Sse0 
; 35°25 6°96 3.001% <e 
C 365k, 10.0), 0.353 “550 
Ay 21.72 aeee 1.1.80 >+20 
Ad 6.50 3679 0.739 >+50 


“Sig. at .05 level. 
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DISCUSSION 


(a) Treadnill Performance. The initial mean performance 
times of 16.6 - 16.7 minutes for the Balke-Ware test would 
indicate that the subjects participating in this study were 
above average in cardio-respiratory fitness (1:683). No 
subject participated in any form of regular or systematic 
activity for at least 1 month prior to the study, however, 
the participants were physically active individuals. Balke 
and Ware (1:682) suggest an arbitrary average performance 
time of approximately 15 minutes for the, ". . . inter- 
mittently active individual" (1:682). Alexander et al (2) 
found a mean initial performance time of 1.6 minutes for 
untrained young medical students. When consideration is 
given to the fact that the experimental groups began at a 
level 1 - 2 minutes above these reported mcans for untrained 
subjects, the moan gains of 1.70 (Ao), 1.60 (B) and 0.90 (A) 
minutes compare most favorably with the gains of 2.5 minutes 
found by Balke (3:5), and 3 minutes by Alexander and associates 
(2) over a period of training of comparable duration. Balke 
(3:5) also observed a loss of 1.5 minutes in performance time 
for a group of 7 cadets deconditioned by complete inactivity 
involving . weeks of bed rest. The control group in the 
present study showed a loss of 1.00 minute during the first 
2.5 weeks of the experimental period, the mean performance 
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trained individuals, While the control group was not as 
severely restricted in their activity as was the case in 
Balke's study, relative inactivity was a requirement of this 
group. The further inactivity induced by study requirements 
preparatory to mid-term examinations also undoubtedly con- 
tributed to the lower scores of the controls on test 2. With 
resumption of some sporadic activity during the final 2.5 
weeks of the study the control group showed a negligible 
improvement of 0.3 minutes on the final test. 

In order that the effects of the exercise programs could 
be studied under conditions requiring prolonged maximal work, 
an all-out treadmill test was selected as the standardized 
measure of cardio-respiratory improvement. Since the Balke- 
Ware test is terminated at approximately the point where a 
transition from aerobic to anaerobic work occurs, it cannot 
be expected that this test which is primarily concerned with 
the capacity of the aerobic processes of the individual, 
could provide accurate information concerning the capacity 
of the individual for anaerobic work. The speed of 7 mph and 
8.6% grade was selected based on the recommendations of Con- 
solazio et al (4:3/,.3), Cureton (5:314) and Taylor et al (6:75) 
that this is the slowest speed which will force all subjects 
to maintain a running stride and still be slow enough to in- 


sure that a wide range of capacity could be tested satis- 


factorily. 
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Wolf (7) studied 102 subjects varying in their level of 
fitness on all-out treadmill performance at 7 mph and 8.6% 
grade and found a range of 1.1.8 - 16.13 minutes with a mean 
performance time of 5.93 minutes. Similar consideration of 
the data for this study indicates a mean initial performance 
time of 3.18 minutes +0.29 and a range of 2.18 - 7.11 minutes. 
More extensive comparisons are not possible since the avail- 
able data is very limited, 

Group B showed the greatest gains during the first 2.5 
weeks of exercise maintaining the trend observed for the 
Balke-Ware test. Group A, however, produced its greatest 
gains during the second half of the experimental period. 

When group A was studied in terms of subgroups Aj and Ap it 
was apparent that this effect was due to the slower initial 
progress of group As, group A, following the trend previously 
established, The lower initial gains by Ao would seem to 
suggest that the cardio-respiratory adjustments necessary to 
efficiently perform the basic 5BX exercises and to run the 1 
mile course were realized more slowly then for the other 
groups. These limitations would probably be dependent upon 
the acquisition of a sufficient degree of skill to perform 
these activities efficiently. Concomitant with an increased 
level of skill are the compensatory cardio-respiratory adapta- 
tions manifested by the more rapid gains in treadmill per- 


formance time during the last 2.5 weeks of exercise. 
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Generally, the trends are in agreement with Alexander 
et al (2) in that the greatest gains were observed during the 
initial 2.5 weeks of training with a slower steady rise (re- 
vealing a tendency of the performance times to plateau) over 
the final experimental period. Such a trend is not unreason- 
able. With the regularly increased stress placed on the 
cardio-respiratory system beyond the customary daily expecta- 
tions, initial adaptations are quickly made. Knehr et al 
observed that: 

Any regime systematically followed will 

have its most striking results following 

a few weeks of training; after the first 

rapid gains, hard diligent work is re- 

quired if a continued improvement is to 

be secured (8:1),8). 
The rate of improvement is dependent upon the individual's 
initial state of fitness and upon the intensity of participa- 
tion in the training program. Mechanical efficiency, tech- 
nique or skill must also be regarded as a factor in deter- 
mining physical fitness as well (9:316). Van Huss and 
associates (10:81) observed that: "Early learning involves 
some rapid periods of improvement followed by leveling ap ii 
periods," where the acquisition of motor skills is concerned. 
It is not unlikely that this factor may be reflected to some 
degree in the exercise programs 4s revealed by treadmill per- 
formance times. 


Since the respiratory and circulatory systems play a 


dominating role in aerobic work especially where large muscle 
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groups are engaged (9:307) it is to be expected that rela- 
tively high positive relationship would be obtained between 
performance times by the same individual on 2 different 
types of treadmill tests provided the tests can be performed 
aerobically. Where the work is still aerobic for the exhaus- 
tion run a relatively high relationship between running at 
7 mph at 8.6% and walking the Balke test should hold; i.e., 
a person performing well on the Balke test should perform 
well on the exhaustion run as long as the cardio-respiratory 
system is the limiting factor, The exhaustion run, however, 
quickly drives the subject into an anaerobic state, The 
imiting factor for performance time is now the tolerance of 


| 
{ 


the individual's muscle cells to the anaerobic metabolites 
(9:307). In addition, psychological factors will play an 
important part; a factor of little concern in the Balke~-Ware 
test since the terminal point is decided by a physiological 
function. The lower initial exhaustion run scores for group 
A, do not seem so illogical in the light of this reasoning. 
While admittedly motivation may cause variation in the 
exhaustion endpoint, this investigator, in agreement with 
Morse et al (11:689) and Taylor et al (6:33), is satisfied 
that in the majority of cases the stopping of the running 
test coincided with unquestionable signs of physiological 
distress reflected by the color of the face, ears and lips, 


the rate and depth of ventilation, profuse perspiration and 
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difficulty in maintaining the speed requirements of the 
treadmill. Furthermore, the subjects had no simple way of 
knowing the time during their runs and, therefore, could 
make no deliberate plan to repeat past performances. More 
of a major concern as a limiting factor to performance for 
this test was the weakness of the lower extremities. CGom- 


plaints of pain and cramping of the legs were also noted by 


Slonim et al (12:03). 


(bo) Maximal Breathing Capacity. An important element 


in any battery of tests designed to determine the functional 
status of any body system is a quantitative measure of the 
capacity of that system to carry on its specific function 
(13:677)e The Maximum Breathing Capacity test would appear 
to be more than a simple measurement of lung volume. IEx- 
cessive ventilation in itself serves no useful purpose since 
the transportation of Oo to the tissues is limited by the 
inability of the circulatory system to take up and deliver 
it to the cells (14:281), (15:15), (16:173). However, the 
ability of an individual to breath at a high velocity de- 
pends on several important factors including muscular force, 
patency of the airways and pulmonary elasticity and disten- 
sibility (17:362). Therefore, the supported observation by 
Knowles (18:19) that the MBC test is, tt, . . the only test 
which evaluates the over-all, integrated function of the 


ventilatory apparatus," would seem to justify its inclusion 
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as a test of respiratory fitness (19:2609), (20:103), (21:82), 
(222314), (23492), (2):211). The MBC test then, is a quanti- 
tative measure of the ability of the respiratory system to 
carry out its specific function, that is to provide an alter- 
native current of air in and out of the lungs. It is used to 
estimate the efficiency of the various mechanical factors 
concerned in ventilation. In effect, it is an exaggerated 
measure of the number of liters of air an individual would 
breathe during the most strenuous exercise. It is similar 
to other tests of organic function in that the ventilatory 
mechanism is overloaded and its response to the overload is 
measured (25:331). Gray (13:679) points out that his test- 
retest reliability coefficient of .80 indicates that, 

e e e the variation in ventilatory capa- 

city between different individuals is 

considerably greater than the variation 

encountered within the same individual 

when the test is repeated. 
The procedure, therefore, has appreciable power to distin- 
guish between different individuals. 

One of the purposes of this study, then, was to provide 
some information regarding the effect of the 2 exercise pro- 
grams on the respiratory mechanism and, using the MBC test 
as a measure, to determine any resulting changes in respira- 
tory fitness attributable to exercise. 


The methods, procedures and findings of previous in- 


vestigators for subjects in the age range 15 - 30 have been 
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summarized and presented (Table III:38). The techniques 
employed in this study were those purported to provide the 
most reliable and consistent measurements. Because of dif- 
ferences in methods employed and differences in obtaining 
standardized voluntary effort in different subjects, there 
is a wide range of normal values for MBC's. Knowles (16:22) 
observed that standard deviations of mean values obtained 
ranged from $15.9 to $30.9 l/min. The present study reveals 
standard deviations for mean values ranging from t16.8 to 
418.0 l/min. Because of these large deviations a healthy 
person may vary by 25 - 35% of mean group values (26:130), 
consequently, changes in the MBC must be large to be signifi- 
cant (26:130), (17:367), (18:22). Knowles (18:22) advises 
that the usual practice is to regard 420% of the normal pre- 
dicted value as the normal range. 

Different authors have quoted normal mean values for 
MBC's for a wide range of subjects, varying in their state 
of fitness, ranging from 100 - 190 l/min. breathing air 
(Table III:38). The initial and final mean values, determined 
by the present study, of 153.6 - 157.7 1/min. and 162.3 - 
178.5 L/min. compare most favorably with the figures reported 
for normal highly motivated, active males in the untrained 
and trained states. Valid comparisons with published re- 
sults are difficult, however, since procedures for adminis- 


tering the test are not standardized. Until standardization 
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of procedures for determining MBC'ts is realized, it appears 
that, ". . « each laboratory must calibrate its own equip- 
ment and establish its own norms" (26:129). 

Optimum breathing rates for maximum performance and the 
methods by which they may be obtained are also not uniform 
nor standardized. Gray et al (13:677), Sheppard (27:6), 
Knowles (18:21) and Rossier (26:135) highly recommend that 
the subject select his own depth and rate of breathing since, 
wo. e as a rule maximum ventilation can be attained only by 
voluntary effort" (26:129). The use of a metronome as a 
regulatory device was not employed because, ". .. sucha 
diversion of concentration produced smaller and more vari- 
able ventilatory volumes" (27:3). 

Maximum movement of air was found to occur near 90 
breaths/min. for this study (Table X). This confirms the 
observations advanced by Sheppard (27), Bernstein et al (29), 
and Olgilvie et al (30). While no attempt was made to regu- 
late breathing, most subjects tended to breath at the rate 
most conducive to moving the maximum volume of air once they 
became familiar with the apparatus and techniques involved. 
The rapid and shallow pattern of breathing proved inferior 
to the slower and deeper pattern. In agreement with D'Silva 
and Mendel (25:325): 

Not only was there a wide variation in 
the rates chosen by different subjects 


but the same subjects chose different 
rates on successive attempts. 
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Breathing rates for this study ranged from a mean value of 
83 - 113 breaths/min. on test 1, to 84 - 102 on test 2, and 
8 - 94 on test 3 (Table X). It is, therefore, the opinion 
of the present investigator that some method be employed 
during the MBC test to control this variability in breathing. 
Some suitable auditory or visual signal for guiding the rate 
of breathing set at an empirically determined and standar- 
dized optimum frequency must be used. Rigid adherence to 
the stimulus rhythm would not be necessary in consideration 
of individual differences and in order to avoid inferior 
performance due to any diversion of attention. 

The learning factor, motivation and degree of coopera- 
tion of the subject, in addition to the rate and depth of 
breathing have a decided influence on the MBC test. lLearn- 
ing would seem to be still taking place during the third 
test period since breathing rates continued to decrease con- 
comitant with an increase in performance as shown by the 
gains on test 3 by the control group. A very definite knack 
is required to produce a good MBC. In agreement with Gray 
et al (13:677) very little variation occurred between succes- 
sive trials on the same day. Few data are available, however, 
concerning the variability in MBC performance for healthy 
individuals from day to day or over a period of weeks. Large 
variations were observed in the control group over 2.5 week 


intervals. It is anticipated then that the learning factor 
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contributed in some degree to both the gains and losses in 
MBC during the testing intervals. 

The fact that any gains were not realized until the 
latter half of the experimental period would suggest that if 
systematic exercise promotes any changes in the resting MBC 
it must be regular and at a rather intense level. While 
final test gains were considerable for groups A, and B, and 
Statistically significant for B, the mean gains were not in 
excess of the 20% increase required by Knowles (18:22) to be 
physiologically significant. Considering (1) the same tech- 
nician administered all tests using identical procedures, 
(2) the time, day and place of testing was the same during 
each test period for each subject, (3) the apparatus em- 
ployed was regularly checked to detect mechanical malfunc- 
tion, (lL) instructions were simple, standard and clearly 
understood, (5) that group Ap was required to run a timed 
1 mile/day 5 days a week for 5 weeks in addition to the 
other Li exercises thereby placing as much, if not more, 
stress on the respiratory mechanism than any other group, the 
failure of Ao to show improvement may appear to be unusual. 
It is possible that the results are aberrant because of the 
small number, yet the pattern from group to group appears to 
be consistent. Sizeable variations in the score of a single in- 
dividual as the result of a temporary respiratory infection, 


for instance, can significantly affect the mean value for the 
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group, Another possible factor is concerned with adaptations 
to distance running, A runner tends to develop a regular 
pattern of breathing over the longer distances. During a 
period of training it is conceivable that this pattern be- 
comes rather definitely established. When required to per- 
form an MBC test, the subject could possible experience 
difficulty in breaking a pattern of breathing that has be- 
come fairly automatic under conditions of stress and then 
suddenly attempt to adjust to a new pattern in the space of 
15 seconds. A maximum performance under such circumstances 
would seem unlikely. What seems more likely is that the MBC 
is not a valid test of adaptation to exercise. It is pos- 
sible that with increased ventilatory efficiency produced by 
the training program so little stress was placed on the res- 
piratory mechanism of group Aj that no change was induced 
over the 5 week period. 

The MBC test, therefore, can give some information 
regarding the breathing mechanism of healthy young males but 
since it is affected by so many factors, test results must 
be viewed with reservation and cautiously interpreted. In 
agreement with Comroe (17:368) until these factors can be 
controlled, techniques and procedures standardized and norms 
established, the test loses much of its effectiveness as a 
measure of respiratory fitness for healthy active individuals. 
Considering these limitations then, the evidence compiled for 


this study suggests that gains in the resting MBC realized 
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after 5 weeks of training may be partly attributed to the 
exercise programs and partly to a learning factor. The 
degree that each factor may contribute to these gains is a 


matter for further investigation. 


PHYSIOLOGICAL FUNCTIONS 

(a) Heart Rate. Since the cardio-respiratory system 
is intimately concerned with physical activity, its response 
to exercise would seem to be the best measure of an indivi- 
dual'ts physical fitness. Ideally a test of cardio-respira- 
tory efficiency would be one from which all psychological 
factors were eliminated (3:1). This is frequently difficult 
to control, consequently where psychological influences may 
affect the accuracy of the information derived from physio- 
logical measurements and hence the performance of the subject, 
interpretation of the resulting data must provide for these 
factors. However, the simple measurement of heart rate can 
provide some valuable indication of the adaptability of the 
cardiovascular system to variations in physical performance 
(3:1). 

Data for two sets of resting heart rates were recorded, 
one set previous to each of the treadmill tests. The sub- 
jects reported to the lab at least 15 minutes prior to their 
test and were required to sit quietly until that time. An 
additional 2 minutes of quiet standing was implemented after 


all measurement apparatus was attached to permit the subject 


e8 


edt ot hotwdintts yloemwg od wan gataibend 2 


ed? ,.totosl sataresl a o¢ visaag baa @ 
2 si chiang epedt ot studigiaos yan xodos? a 


tala 
- 


£0 tag ideownt =6 


meseya yrotarigesat-olbase ext eonte Bn SER 
seogesi att .ydivitos Lsolerde Atiw beoreoneo ‘Lette 
~ivibrt me lo etussem tased ed¢é of oF ampere: 
-etiqgeot-olbtso ‘lo teet » _yhisebi =a yehendieeg 
laoigefodoyeq Lis doidw mort ené od Biuow venote 
S{soltTih ¢itnespeti. at eid? (kee) eure: ) 
eal ie c- 
yam eoonenlini lesigoloday aq exonw. of taeupoenoe . et m% 
-oleyilq tiotk beviceb aoltaurotal ed@ Be yooruses 
ue eit to souswrolineq ang eonort. bew « 
eLsead col ebivoty tavm adeeb gott iver oi 20 
nso stet duped To dnenutagem alointa . ont et 
edt To yilitdsdqeda silt to mottgotbats fds 


eocsnioigveq faofayiq at encicattey ot 2 c 


sbxoost etew Boden sueect aciteen: 0 
-dva off sateod LL tebeont edd 20 Ao . 
tied? ot softG-sedupin BL sae te oe 
th .ohttd gars fide cs tt 
te Le bedneme lant BBW oalbrada, 9 
tsetdue ont Stine oo 


90 


to adjust to the equipment and to the new body position. It 
would be expected then that the resting heart rates prior to 
each test would be very similar especially since the tread- 
mill performances were conducted only two days apart. This 
observation is generally supported by the data (Table XIII) 
with the exception of the slightly higher resting values 
previous to the initial exhaustion run. The difference here 
is probably psychological due to the anticipation and con- 
sequent apprehension associated with the concept of running 
to exhaustion. The resting heart rates of the control group 
were generally 10 - 15 beats/min. higher on all tests than 
those for groups A and B. Lower resting heart rates were 
observed for all groups following the 5 week experimental 
period, While group C also showed lowered resting heart 
rates on test 3, these values remained considerably higher 


than those for groups A and B. In the absence of any 


TABLE XIII 


MEAN RESTING HART RATES 


BALKE-WARE TEST | LXMAUSTION RUN 
GROUP TT T5 mm | To T3 
A 78 77 76 81 7 72 
B 81 78 76 82 7 72 
C 95 90 88 92 89 86 
IN 7 77 81 83 75 7 
is 7 78 71 79 71 71 
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strenuous activity the reduced resting values for group C 
may be attributed to a lessening of the influence of psy- 
chological factors commensurate with an increased familiari- 
zation of the subjects with the laboratory personnel and the 
nature and demands of the tests. This is in agreement with 
Cotton's observations (31:42). The degree to which this 
factor contributed to the lowered resting heart rates of 

the experimental groups is not known. Subgroup Ay tended 
to exhibit lower mean resting values than did subgroup Aj. 

The only statistically significant difference between 
initial and final resting heart rates was that for group A, 
but only prior to the exhaustion run (Tables XIV, XV). Con- 
sidering the previous discussion it is unlikely that this 
significance can be entirely attributed to the effects of 
the exercise program. No statistical significance was found 
between the means of any of the groups on test 3 (Tables 
XVI, XVII). 

It is widely reported in the literature that individuals 
in good physical condition show a smaller increment in heart 
rate during a given work load than do non-fit individuals 
(Chap. II, pe 19). Observations during the course of the 
5 week experimental program do not entirely support these 
findings. During the Balke-Ware test little distinction 
could be made between mean exercise heart rates for the 3 


groups on test 1 (Fig. 7; Table XXI1 App.C). Group A's 
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TABLE XIV 


INTRA-GROUP COMPARISON OF DIFFERENCES IN RESTING HEART RATES 
RECORDED PRIOR TO BALKE-WARE TREADMILL TEST BETWEEN INITIAL 
AND FINAL TEST SCORES 


Cee 


MEAN OF ST, ERROR 
GROUP DIFFS. (BTS/MIN. ) OF DIFFS, t B 
A 40 2.38 0.672 >.50 
B 5.5 SPaas digit 53 2420 
é 6.8 1.290 0.933 oy 20 
Ap 4.8 3.15 Lebe >-20 
TABLE XV 


INTRA-GROUP COMPARISON OF DIFFERENCES IN RESTING HART RATES 
RECORDED PRIOR TO TREADMILL RUN TO EXHAUSTION BETWEEN INITIAL 
AND FINAL TEST SCORES 
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heart rate tended to be lower prior to the lOth minute of 
exercise then closely followed the trend of the mean values 
established by groups B and C, During the first minute of 
exercise, heart rates accelerated rapidly, especially that 
of group B, then dropped in the second minute as cardio- 
vascular adaptations were quickly made to accommodate to the 
increased activity. A metabolic steady state cannot be ex- 
pected at any time during this test because of the gradually 
increased work load, This fact is reflected in the slow up- 
ward drift of the exercise heart rate curve. After 5 weeks 


7 


of training the mean exercise heart rates for the 3 groups 
were virtually identical up to the lOth minute of activity 
(Fig. 83; Table XXIV App.eC). Two changes occurred on test 3 
during the time interval 0 - 9 minutes. (1) Group B's mean 
heart rate was reduced by some 19 beats/min. in the first 
minute of exercise. Such a reduction in heart rate is a 
characteristic of the effects of training according to Hlbel 
and Holmer (32:367).e (2) Group A's mean heart rate was 
slightly higher for this entire interval. The close rela- 
tionship between the groups during the initial 10 minute 
work period of test 3 is not unusual since the work inten- 
sity was light and easily accommodated by all individuals. 
After the first 10 minutes for test 3, however, a clearly 


defined separation between the mean heart rates for the 


exercise groups A and B from that of the control group was 
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TABLE XVI 


INTER-GROUP COMPARISON OF DIFFERENCES IN RESTING HART RATES 
RECORDED PRIOR TO TREADMILL RUN TO EXHAUSTION 
FINAL TEST SCORES 
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TABLE XVII 


INTER=-GROUP COMPARISON OF DIFFERENCES IN RESTING HEART 
RATES RECORDED PRIOR TO BALKE-WARE TREADMILL TEST 
FINAL TEST SCORES 


GROUPS MEAN OF ST. ERROR ‘ ; 
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A = B 0.6 2.5 04233 >50 
A -¢ Tet oT 1.267 >20 
B -C 12453 8.31 1.480 £.20 
Ay - Ao 9.6 99 0.966 ~>.20 


SUTAM THAMH OWITEAT w2 ea rss ice 
HOTTAUANKA OT HWA Ti 


THAT DYLTALA UI ewow 
TAT LIGCASAT 


gq Di 
ax - €€S. 
ie Sac e 


96 


observed. Mean values for group B were relatively unchanged 
after 5 weeks of training. Groups A and GC tended to show 
higher exercise heart rates for test 3 than for test l 
(Figs. 17, 19, 21 App.C). Subgroup A, showed consistently 
higher exercise heart rates during the final test. Ap exhi- 
bited higher exercise heart rates at the lower levels of 
work during the final Balke-Ware test with little change ob- 
served after 12 minutes (Fig. 23, App.C). 

The same general trend for exercise heart rates was 
noted during the exhaustion run. Following a rapid initial 
rise to approximately 160 beats/min. the 3 groups exhibited 
a tendency to plateau, as observed by Taylor (33:29), after 
the first minute of exercise (Fig. 93; Table XXV, App.eC). No 
distinction between the mean exercise heart rates of the 3 
groups was apparent during the initial exhaustion run. After 
5S weeks of training, the exercise groups showed lower mean 
exercise heart rates while those of the control group re- 
mained unchanged (Fig. 10; Table XXVII and Figs. 18, 20, 22, 
2h Appe GC). Subgroups Az and Ap both exhibited lower exer- 
cise heart rates during the final exhaustion run. 

While inter-group variations in the mean exercise heart 
rates were not large, the generally unchanged or lower values 
for groups A and B after 5 weeks of training accompanied by 
increased treadmill performance times would seem to imply that 


amore powerful and efficient heart had developed resulting in 
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a greater stroke volume, This observation would tend to 
support the findings of Chapman et al (3l1:1212) and Henry 
(35:28). 

During the Balke-Ware tests each subject was able to 
perform for at least 10 minutes. The same is true for the 
exhaustion runs up to 2 minutes. If the tests were termina- 
ted at this point statistical analysis of recovery heart 
rates would be meaningful and inter-group comparisons more 
justified. During the Balke-Ware tests, however, variations 
in performance time beyond 10 minutes were great, con- 
sequently, equally great variations occurred in the amount 
of work done by each individual as he reached the pulse 
rates of 165, 175 and 180 where physiological measurements 
were taken. The same observation is generally true for the 
exhaustion runse All subjects did not terminate their per- 
formance after accomplishing an equal amount of work. It is, 
therefore, difficult to meaningly compare the recovery heart 
rates for the groups. General trends, however, can be ob- 
served and viewed with this reservation. 

Following the initial Balke-Ware tests, mean recovery 
heart rates tended to fall rapidly from the terminal 180 
beats/min. to near 10 during the first minute and to ap- 
proximately 125 after 2 minutes (Fig. 7; Table XXII AppeC). 
Recovery during the 3rd - 5th minutes was much more gradual, 


the recovery values tending to plateau some 30 beats/minute 
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above the mean resting values. Recovery was therefore not 
complete after 5 minutes. All groups tended to follow this 
Similar pattern, no distinction discernible between the 
groups. After 5 weeks of training little difference between 
the groups was observed in any of the recovery rates during 
the first 2 minutes (Fig. 8; Table XXIV App.C). However, the 
mean heart rates for the exercise groups over the final 3 
minutes of recovery were approximately 3 beats/min. lower 
than control which remained unchanged (Fig. 17, 19, 21, 23, 
App.C). Of particular interest is the recovery heart rate 
of subgroup A> whose mean values were some 10 beats/min. 
lower than control during the second and third minutes. In 
this regard, Cureton (36:167) contends that a rapid recovery 
of the pulse rate to the resting level is one characteristic 
of fitness and is one of the most valid tests if the exercise 
is sufficiently intense. 

The recovery heart rate pattern for the initial exhaus- 
tion run was almost identical for groups A, B and C (Fig. 9; 
Table XXV App.C). Heart rate decelerated much more slowly 
following the all-out effort than for the Balke-Ware test. 
This is in agreement with Morehouse (37:11). Mean heart 
rate values fell to 156 beats/min. during the first minute 
of recovery, then gradually dropped to Lee beats/min. after 
5S minutes. Recovery heart rates for the exercise groups 


tended to remain unchanged following 5 weeks of training 
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while those for group C rose 3 - 5 beats/min. during each of 
the 5 recovery measurement intervals (Fig. 10; Table XXVII, 
Figs. 18, 20, 22, 2h, App.C). This would tend to support 
the findings of Knehr and associates who observed: "We find 
that a regime of training which certainly increases physical 
fitness does not alter the decline of heart rate following 
exercise to complete exhaustion within an approximately con- 
stant time limit of 3 - minutes" (8:155). Astrand also 
concurs (9:323). After the first minute of recovery, sub- 
group Ao again tended to show recovery heart rates some 10 
beats/min. lower than control. Contrary to the findings of 
Brouha and Heath (38) and in agreement with Durnin (39:165), 
it would seem then, that for the present study at least, re- 
covery heart rates following exhausting exercise were of 
limited value as a criteria to determine differences in 


cardiovascular fitness.. 


(b) Oxygen Consumption. The individual's capacity for 
work depends largely upon his ability to take up, carry and 
deliver Oo to the working tissues. Increased performance 
time, then, must be accompanied by an increased capacity of 
the circulo-respiratory system to supply more Oo to the 
musclese A large individual will also require a greater 0p. 
intake than will a smaller individual, all things being equal 
(4.01.3), (5329). In order to compare the two individuals, 


some adjustment must be made which will account for this 
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difference in size. When body weight is divided out the re- 
lative efficiency or rate at which Oo can be supplied for 

each kilogram of body weight is more clearly reflected (5:329), 
and according to Cureton is an excellent measure to use to 
rate the circulatory capacity of an individual (5:336). 

After 5 weeks of training there was no change in the 
resting Oo requirement for any of the groups. Oo intake 
increased steadily with increased work load during exercise. 
After an initial rapid 3-fold rise from the resting level in 
the first minute of exercise, the 05 intake assumed a level 
corresponding to the 05 requirement of the work being per- 
formed. Supported by Erickson et al (41:393), Balke states 
(3:9) that O5 consumption determined during walking on a 
motor driven treadmill, ". . . is influenced only by the 
amount of the work load and not by subjective factors." The 
Balke-Ware treadmill test, then, would tend to reflect any 
economizing effects of the training programs through a lessen- 
ing of the Oo requirement while performing the same amount of 
standardized work on the different tests. During the initial 
and final test periods, all subjects performed identical 
levels of work for the first 10 minutes of the Balke-Ware 
teste It was subsequently noted that during this 10 minute 
interval, no appreciable change occurred in the Op consump- 
tion for any of the groups between the initial and final 


testing periods (Fig. 11; Table xxVII, AppeC)e In most cases 
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the Oo consumption for the final test was slightly higher 
(1.6cc/kg/min) than the initial values. This would seem 
to indicate that the exercise programs contributed little 
toward more efficient performance at the lower work intensi- 
ties for this test. Beyond 10 minutes, considerable indivi- 
dual variation occurs in the time required by the subjects 
performing the Balke-Ware test to reach the terminal heart 
rate of 180 beats/min. For this reason, the intervals 
selected for obtaining the various physiologic measurements 
were based on pulse rates since all individuals were likely 
to reach the heart rates specified regardless of the varia- 
tion in their performance times. It must be noted, however, 
that while all individuals attained the standardized pulse 
rate levels, the amount of work done by each subject prior 
to attaining these levels varied considerably. The 05 con-= 
sumed for the work done, therefore, would also exhibit inter 
and intra-group variations. Specific comparisons then would 
tend to be meaningless. This factor must also be considered 
where recovery data is concerned. 

After 5 weeks of training the following general observa- 
tions for standardized measurement intervals may be noted. 

(L) Group A tended to use slightly less 02 (1.6 cc/kg/ 
min) while increasing their mean performance time by Sh 
seconds. 


(2) Group B tended to require more 02 (4.8 cec/kg/min) 
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to increase their mean performance time by 1.6 minutes. 

(3) Group C tended to use slightly less 05 (1.2 cc/kg/ 
min) to accomplish a mean 2 seconds less work. 

(l.) During peak exercise, Oo consumption increased ap- 
proximately 8 times the resting level for all groups. 

During the recovery period 05 intake dropped very 
rapidly reaching a level approximately 30 cc/kg/min below 
terminal values by the end of the first minute. It was 
generally observed that little or no change occurred in the 
recovery Oo consumption for groups A, B and C after 1 minute 
of exercise following the 5 week experimental period (11.7 
ec/kg/min)e Five minutes after completion of exercise, re- 
covery was almost complete for groups A and B on test 3, no 
change in the Oo consumption noted over initial values. Re- 
covery values for group C tended to be slightly higher (0.5 
ec/kg/min) on test 3 than initially. 

For the Balke-Ware treadmill test, then O5 consumption 
remained fairly constant during the resting, exercise and 
recovery intervals concerned with the initial and final test- 
ing periods. 

When interpretation of the data concerned with the 0o 
consumption for the exhaustion run is undertaken, attention 
must be accorded several additional factors. In agreement 
with Balke (3:9) and Erickson et al (l1), Taylor (1.03123) 


confirms that training has little effect on the O02 consump- 
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tion of walking. Walking is a familiar exercise for all 
individuals, consequently the degree of skill is high and 
the economizing effect of an improvement in skill does not 
occur. “On the other hand, in rumning it is easy to show 
that repetition by people who have done little or no running 
in the past reduces the O59 requirement" (40:12). Also, the 
observation that at high rates of ventilation measurable 
amounts of Oo varying from 1,00 ~ 1100 ce are required by the 
respiratory muscles (LO: 11) seems pertinent. Otner factors 
like will power, neuromuscular conditions and relaxation may 
also be important elements affecting the running time and 
consequently the Oo requirements of the individual as well 
(52329). 

In agreement with Hill (42:09), the rise in Oo intake 
for the exhaustion run, from the low values characteristic 
of rest to the high values in excess of 50 ec/kg/min charac- 
teristic of the effort undertaken was realized within e 
minutes after exercise began for all tests (Pigs J2: Paole 
XXVIII App.C). All subjects were able to run for 2 minutes 
at the speed of 7 mph and 8.6% grade, whereas only |, subjects 
in each of the groups completed 3 minutes, or better, before 
the necessity arose to signal distress indicating that termina- 
tion of the run was imminent. After 2 minutes of exercise 
then, the amount of work done by each subject prior to his 


terminal air sample varied greatly. This factor must also be 
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considered when interpreting the data related to Oo con- 
sumption of the exhaustion runs and to the subsequent recovery 
intake. 

Group A's Oo consumption remained relatively unchanged 
following 5 weeks of exercise. After 2 minutes of running 
on the final test, however, a mean rise in the Oo intake of 
6.4. cc/kg/min was observed. Some of this difference may be 
due to inefficient running where the subjects were still ex- 
perimenting with their stride in order to determine the one 
best suited to the speed. This observation may be borne out 
in part by the higher O5 consumption of group C during the 
same periods of the final run. Group B consistently tended 
to use less oxygen during all phases of the final run while 
increasing their mean performance time by 1.02 minutes. Con- 
Sidering the performance of groups A and C during this same 
testing period, it is unlikely that the acquisition of skill 
accounts entirely for the lower O5 requirement for the cir- 
cuit training group. Some effects of the training program 
are undoubtedly revealed here. The large reduction of tea 
ec/kg/min in the Oo intake observed during the 3 minute 
measurement interval is quite meaningful. While only lL sub- 
jects in group B were able to complete 3 or more minutes 
without distress on the first running test, they were also 
the only | to similarly complete this time requirement on 


the final test. The fact that the decrease in 09 consumption 
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was accompanied by an increase in mean performance time of 

1 - 3 minutes for the |, individuals would tend to reflect an 
increase in efficiency too large to be entirely attributed 
to learning during this measurement interval, 

Peak O5 values for the 3 groups tended to be some 10 
times greater than the resting intakes during the running 
testse 

During the first minute of recovery from the exhaustion 
run mean Oo intake values dropped sharply for all groups 
reaching a level 36 cc/kg/min lower than terminal values. 
After 5 minutes of recovery the O5 consumption was still 
double the resting requirements, This would tend to agree 
with Krogh and Lindhard (1.3) who observed that the drop in 
Op consumption reached a fairly constant level after 3 
minutes of recovery, ". . . the height of which depends on 
the intensity of the preceding work" (43:32). 

With the possible exception of the circuit training 
group, then, 5 weeks of training did little to affect the 
exercise Oo consumption during the treadmill run to exhaus- 
tione 

Subgroups Aj and Ap followed the trend established by 
groups A and B on both treadmill tests exhibiting little or 
no change in their initial O05 intakes. The fact remains, 
however, that while no appreciable changes occurred in 05 


consumption after 5 weeks of training for groups A and B, 
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both groups were able to significantly increase their tread- 
mill performance times on both tests. Relatively the same 
amount of Oo then, was consumed by these groups to do more 
work. Consequently, the exercise programs would seem to 
have contributed in some degree at least to increased work 


eiticiency.s 


(c) The Respiratory Quotient. Only when the body is 


in the basal state or the steady state of exercise does the R.Q. 
indicate the nature of the contemporary oxidation of food 
materials inside the body (33:38), (28:113), (luu:7h). At 
any other time it is simply the ratio of COs being expired 
to the Oo being absorbed by the respiratory organs at the 
moment in question. The term "respiratory quotient" has 
consequently been frequently misused especially in cases 
where it exceeds unity, since it does not reflect the true 
metabolic quotient at that time but rather obscures it. The 
writer wishes to establish that where the term R.Q. is used 
in this discussion the ventilatory R.Q. is implied unless 
otherwise indicated. The ventilatory R.Q., or respiratory 
exchange ratio, then, gives some information concerning the 
adaptability of the respiratory system to the work being 
done (3:1). 

Resting R.Q.'s were computed from expired air samples 
taken immediately prior to each treadmill test. Initial and 


final mean values are reported in Table XVIII. Although the 
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subjects rested for 15 minutes prior to collection of expired 
air, the samples cannot be considered basal. Variations from 
the normally present basal R.Q. of .82 (28:113), can be ex- 
plained by individual variations in diet (28:113), (4.5:270), 
(4:79), as well as by alterations in the rate and depth of 
respiration probably produced by the use of a mouthpiece, 
self-consciousness and/or apprehension (l5:299), (16:63), 
(.7:171), (ij4:7,). Although minimized by the use of pre- 
liminary familiarization test runs, the influence of these 


contributing factors must still be considered. 


TABLE XVIII 
MEAN RESTING R. Q.'s 
INITIAL AND FINAL TEST PERIODS 


PRIOR TO BALKE-WARE TEST PRIOR TO EXHAUSTION RUN 
Q WEEKS WEEKS QO WHEKS WEEKS 


GROUP 


A of 57 822 81h 6778 
B ©7190 -780 ©7790 - 780 
C « OlL6 «869 «686 2858 
Ay My ile °770 «806 800 


The mean exercise R.Q.'s for all groups performing the 
Balke-Ware Test fell below resting values during the first 
minute of exercise on both the initial and final test periods. 
R.Q.'s then slowly increased with increases in work load, at- 
taining a level just below unity as the terminal pulse rate 


of 180 beats/min. was reached (Fige 13; Table XXIX, App.C). 
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Immediately following exercise, the R.Qts rapidly rose above 
unity during the first minute of recovery to values of 1.15 - 
1.25. After 5 minutes of recovery, the R.Q.'s dropped to a 
level equal to or below 1.00. Following 5 weeks of training 
group A exhibited higher resting, exercise and recovery R.Q. 
values as did subgroups Aj and Ap. Group B showed slightly 
lower resting R.Q@.'s after the experimental period with re- 
latively unchanged or slightly higher exercise values and 
much higher recovery values as compared to their initial 
performance. Group CG showed little changed or slightly 
higher exercise R.Q.'s with increased values noted during 
rest and recovery intervals. 

The steady rise in R.Q. during exercise exhibited by 
all groups performing the Balke-Ware test would suggest that 
although the work done was submaximal some lactic acid was 
accumulating resulting in the release, from the blood alka- 
line reserve, of COo in excess of that derived from the 
oxidation processes going on in the body (),6:466). With the 
onset of fatigue as work continued, a more rapid accumula- 
tion of lactic acid occurred resulting in an increased pro- 
duction and blowing off of COs and higher R.Q. values. 
Luchsinger and Moser (26:11) report that during the first 
Ll or 2 minutes of exercise the R.Q rises above unity then 
stabilizes between .9 and 1.0. They explain this rise in 


terms of an increased ventilatory volume accompanied by a 
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marked rise in C0o excretion, any increase in Oo uptake 
being limited by the amount of blood perfusing the lungs. 
The fall in the mean R.Q. values observed during the first 
minute of exercise in this study is not in agreement with 
these previous findings. It is likely the difference lies 
with the intensity of the exercise being performed which the 
investigators did not stipulate, In the present study, the 
nature of the work during the first minute was very mild and 
the degree of individual skill very high (walking). Circulo- 
respiratory adjustments were consequently quickly and easily 
made with the onset of exercise. The increased pulmonary 
ventilation was not severe enough to deplete the alveolar 
stores of COo to the extent that a compensating rapid ex- 
cretion of COs from the blood would need to occur. Figures 
ll and 15 indicate that the rate of increase in O09 consump- 
tion and COo elimination during the first minute of exercise 
was approximately in the ratio of er This would account 
for the drop in R.Q values during this measurement interval. 
During the first minute of recovery, the mean R.Q.'s 
exceeded unity as COs continued to be excreted in excess of 
the rate of Oo consumption which rapidly fell as the result 
of diminished tissue requirements (Figs. ll, 15; Tables 
XXVII, XXXI, App.C). The level of ventilation remained 
above the tissue demands as a result of the stimulation of 


the respiratory center by the rise in hydrogen ion concentra- 
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tion of the blood induced by the high lactate level (17:46). 
Turrell and Robinson (l.8:7l.2) observe: "An increase in blood 
lactate in human beings during exercise is accompanied by a 
decrease in base bound as bicarbonate consequently a decrease 
in the COs combining capacity. This results in the associated 
extra output of COo through the lungs." Later during re- 
covery, lactic acid is chiefly removed by resynthesis to 
form glycogen (li:75). Free base is consequently left be- 
hind which immediately combines with COo producing a reten- 
tion of the latter, thereby exerting a depressing effect on 
the ReQe 

Cureton (5:31) states that the lower the exercise R.Q. 
the better the economy. Highly trained individuals tend to 
consume relatively large amounts of 09. The very low R.Q. 
values reported for well conditioned athletes may be explained 
in part by this high Oo intake during exercise. This is ac- 
companied by an increased retention of COo resulting from 
the previously mentioned buffering and resynthesis process 
producing a decreased CO5 elimination (5:362). This effect 
of training was not revealed in the h.Q. values determined 
during the Balke-Ware test following 5 weeks of exercise for 
the experimental groups. The increased R.Q. values during 
the initial 10 minutes of work, especially those of group A, 
are difficult to understand since the work load was identical 


for all individuals during this interval. These higher values 
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for the trained groups would tend to support the findings of 
Crakes (1.9) who observed higher R.Q. values for the better 
runners in his study, an observation which, he states, is not 
reported in other studies. The slightly higher values ex- 
hibited by the trained groups over the other measurement 
intervals during exercise are not unlikely since these in- 
dividuals worked longer during the final treadmill tests to 
reach these pulse levels. Group C showed relatively un- 
changed final RQ. values while performing less work than 
initially. This may indicate a general lessening in the per- 
formance efficiency of their circulo-respiratory systems 
induced by their relative inactivity. The much elevated 

ReQ@e recovery values for the exercise groups on the final 
test would tend to reflect the increased cost of performing 
more work on the final test. This was manifested by a 
greater accumulation of lactic acid and subsequent excess 
expulsion of COs above initial values, and a greater Oo debt. 
Since less work was performed by group C on the final test, 
the higher recovery ReQ values may be attributed to mechan- 
ical and physiological inefficiency. 

Mean Re Q. values determined during the exhaustion run 
tended to rise rapidly to a level near unity in the first 
minute of exercise (Fig. ll; Table XXX, App.C). An apparent 
plateauing of the R.Q.'s between 1.1 and lec occurred for 


the remainder of the exercise period. During the first 
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minute of recovery following the exhaustion runs, R.Q@'s 
rose beyond the exercise values to lel. - 1.5. Recovery 
values determined during the fifth minute remained above 
unity near 1,15 - 1.20. 

Group A exhibited lower resting, exercise and recovery 
ReQ.'s during the final exhaustion run. This was also true 
for subgroups Az and Ade Group B tended to show relatively 
unchanged R.Q!'s following the 5 weeks of training with 
slightly higher values observed during the first minute of 
exercise and fifth minute of recovery. Group C showed a 
slightly lowered resting R.eQ during the final run, a marked 
inconsistency in the exercise R.Q and much higher recovery 
values. 

Reduction in mean resting R.Q's were moderate and can 
probably be attributed to a lessening of psychological 
factorse ReQe values in excess of unity for severe exercise 
of short duration are widely reported (15), (6), (50). 
Hill, Long and Lupton advise: 

When we realize that in very severe ex- 
ercise a vigorous man may produce 2 - 3 
ems of lactic acid/sec., it will be ob- 
vious that there is no difficulty ex- 

plaining even the most violent altera- 

tions of the ReQ@. on the basis of lactic 
acid changes (6:6). 

It has been observed that R.Q.'s exceeding unity appear 


only in cases where the circulo-respiratory system is over- 


taxed (51:131), (3:9). It is likely then that the ventilatory 
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ReQe can become an indication of the optimal capacity of 
cardio-respiratory efficiency during maximum work. It is 
interesting to note that group A exhibited a marked improve- 
ment in this optimal capacity during the final exhaustion 
run which is precisely contrary to indications exhibited by 
the data for this group during the Balke-Ware test. Ap- 
parently the more severe test was necessary to bring out 
this improvement, which in part must be attributed to the 
training program. Group B tended to show relatively un- 
changed R.Q. values during exercise which theoretically may 
also represent a gain in physiological efficiency since more 
work was performed. The data for group C would tend to in- 
dicate more stress to do the same amount of work. 

The respiratory quotient, then, as determined during 
the Balke-Ware treadmill test revealed no tendency to attain 
the lower exercise values reported as being indicative of 
the effects of training, for either of the exercise groups 
following 5 weeks of training. Concomitant with the increase 
in performance time was the trend to higher R.Q. values. With 
the exception of group A the same observations were true dur- 
ing the exhaustion runs. Group A exhibited a consistent 
trend toward lower Re@ values during rest, exercise and 


recovery during the final exhaustion run test period. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


Summarye The purpose of this study was to compare the 
effects of two types of exercise programs, one a short in- 
tensive program (5BX), the other a more prolonged intensive 
program (circuit training), on the basis of their contribu- 
tion to cardio-respiratory fitness. Thirty healthy male 
subjects, mean age 19.65 years, were selected at random from 
the general student body attending the University of Alberta. 
All subjects were equated on the basis of their performance 
times on a preliminary Balke-Ware treadmill test then divided 
into 3 matched groups of 10 members each. Group A participated 
in the 5BX program, group B in a 13 station circuit training 
program, group C acted as control. Group A was divided into 
subgroups A; and Ap. Both subgroups performed the first 
four 5BX exercises as prescribed by the 5BX manual. As their 
Sth activity Aj Was required to run on the spot as specified, 
and Ao the designated distance in order to determine whether 
the 2 programs were equivalent in their contribution to 
cardio-respiratory fitness. The exercise programs were con- 
tinued 5 days a week for 5 weeks. The Balke-Ware treadmill 
test (3.4. mph, grade increased 1%/min. terminating at a heart 
rate of 180 beats/min.), an all-out treadmill run to exhaus- 


tion (7mph, 8.6% grade), and a maximum breathing capacity 
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test were administered to each subject inmediately before, 
after 2.5 weeks and upon completion of the exercise programs. 
Cardio-respiratory parameters investigated included heart 
rate, Oo consumption and COo elimination, and the ventilatory 
ReQ. at rest, during exercise and during 5 minutes of recovery. 
During the Balke-Ware test heart rates were recorded at rest, 
every minute during exercise until a pulse rate of 165 beats/ 
min. was reached where it was recorded every 30 seconds until 
180 beats/min. was attained, and every minute for 5 minutes 
during recovery. Heart rates were similarly recorded for the 
exhaustion run with the exception that exercise values were 
obtained every 30 seconds. Using Douglas Bags, expired air 
was collected (a) for 30 seconds at rest prior to both tread- 
mill tests, (b) for 15 seconds after 1, 5, and 10 minutes of 
work and when the pulse reached 165, 175 and 180 beats/min. 
during the Balke-Ware test, (c) for 15 seconds after 1, 2, 
and 3 minutes of exercise during the exhaustion run plus a 
15 second terminal sample, and (d) for 15 seconds for each 
minute of the 5 minute recovery period for both tests. The 
expired air volumes were corrected to STPD and analysed for 
Oo and COs content for each subject during each of these 
measurement intervals. 

The following observations were made after completion of 
the 5 week experimental period. 


(1) The mean gains of 1.0 minutes for group B (circuit) 
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and le? minutes for subgroup Ao (5BX plus running distance) 
between initial and final Balke-Ware tests were statistically 
significant (p< 205). Group B (pe e05) md subgroup Ao 
(p< e01) were also statistically superior to control on 
final test performance. Although a considerable distinction 
(1.6 mins.) existed between As and Aj (5BX plus spot running) 
on the final test, the difference was not statistically sig- 
nificant (p> .05, n= 5). 

(2) The mean gains of 5. seconds by group A and 1.02 
minutes by group B between the initial and final treadmill 
runs to exhaustion were statistically significant (p< e02)« 
Subgroups Az and Ag with mean gains of 43 and 52 seconds 
respectively also increased significantly (p< 05) between 
initial and final performances. No statistically significant 
difference between any of the groups was evident during the 
final exhaustion runs. 

(3) Only group B, with a mean gain of 20.8 l/min. in- 
proved significantly in MBC after 5S weeks of training (p< .02). 
While subgroup Aj was distinctly superior to Ap (28.9 1/min.), 
this difference between the groups on the final test was not 
significant (p >.05, n= 5). No statistical difference exis- 
ted between any of the groups during the final test period. 

(.) While resting heart rates recorded prior to each 
treadmill test were lower for all groups, they were signifi- 


cantly lower only for group A and only prior to the exhaustion 
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rune Inspite of the reduced final resting values for con- 
trol, mean heart rates for this group remained some 10 beats/ 
min. higher than those for the experimental groups. Groups A 
and B showed reduced resting values of 2 = 9 beats/min. The 
trend for the heart rates recorded during exercise for the 
Balke-Ware and exhaustion tests was virtually the sane with 
exercise heart rate values 2 - 5 beats/min. higher than 
initially for control and 2 - 5 beats/min. lower than initi- 
ally for the experimental groups. Group A showed a greater 
reduction in exercise heart rate than group B. Recovery 
heart rate values remained unchanged for the control group 
following the final Balke-Ware test, the exercise groups 
exhibiting a reduction of from 1-- ), beats/min. from initial 
test values. WNo change was observed in the recovery heart 
rates for groups A and B following the final exhaustion runs 
while recovery values for group © rose 2 - 6 beats/min. 
Groups A and B exhibited no difference between recovery heart 
rate values. Subgroup Ay consistently showed lower resting 
(7 beats/min.), exercise (2 - 7 beats/min.) and recovery (2 - 
12 beats/min.) values than A, during both final treadmill 
tests. 

(5) No change in the resting Oo consumption was observed 
for any of the groups prior to the final Balke-Ware test. All 
groups tended to consume less 02 during the rest interval pre- 


ceeding the final exhaustion run tests than they did initially. 
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With the exception of group B which consistently indicated 
reduced resting, exercise and recovery O5 intake during the 
final exhaustion run, exercise O09 consumption tended to be 
higher, and recovery intakes lower, for all groups during 
the final performance of both treadmill tests than initially. 
Subgroup Aj tended to consume less Oo than initially for final 
performances during rest, exercise and recovery intervals 
during both treadmill tests than did Aye 

(6) Values for the ventilatory R.Q@ were greater than 
initially for all groups during rest, exercise and recovery 
intervals associated with the final Balke-Ware test. Group A 
exhibited distinctly lowered resting, exercise and recovery 
ReQe Values during the final exhaustion run than during the 
first test period, while R.Q. values determined during these 
intervals for group B remained relatively unchanged, those 
for group C, especially during exercise, tending to fluctuate 
greatly. Subgroup Ao indicated slightly higher R.Q. values 
than A, for the resting, exercise and recovery intervals 
during the final Balke-Ware test but exhibited distinctly 
lower final R.Q. values than A, during the same intervals 


associated with the final exhaustion run, 


Conclusionse 
(Ll) Gains in treadmill performance times by the 5BX and 
circuit training groups during the final Balke-Ware and ex- 


haustion run tests would indicate that both exercise programs 
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contributed in some degree to significant increases in 
cardio-respiratory fitness. 

(2) The circuit training group showed greater gains 
during the final MBC tests than did the 5BX group. Final 
test data, however, suggest that the learning factor may 
contribute significantly to these gains. As administered in 
this study then, the resting MBC test did not provide a satis- 
factory measure of respiratory function. 

(3) Both experimental groups exhibited generally lower 
resting, exercise and recovery heart rates and O5 intake 
after the experimental period than control. With the ex- 
ception of group A during the exhaustion run, ventilatory 
R.Q@.e values remained unchanged or were higher than initially. 

(L) The 5BX group running distance consistently ex- 
hibited superior gains in treadmill performance and in 
economy associated with the cardio-respiratory variables in- 
vestigated. It is clearly indicated that if maximum benefit 
is to be derived from the 5BX program, running the distance 
specified must be included as the 5th basic exercise. 

(5) Although not statistically supported in all cases, 


the data tends to indicate that the type of circuit training 


° 


in cardio- 


employed in this study may contribute more to gains 
respiratory fitness than the composite SBX program. When the 
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between final performance scores for these two groups. It 
becomes apparent then, that the quality and intensity of the 


exercise is more important than the quantity and duration. 


Recommendations. 

(1) In order that the degree to which running per se 
contributes to cardio-respiratory gains attributed to the 
5 BX program a study similar to the present investigation 
should be conducted comparing performances of groups engaging 
in (a) 5BX plus spot running, (b) 5BX plus running distance, 
and (c) running the 1 mile distance only. 

(2) In order to determine the trends beyond 5 weeks of 
training, a study paralleling the present investigation 
should be conducted over a training period of 10 ~ 15 weeks. 
Apparently the 5BX program contributes significantly to 
gains in cardio-respiratory fitness for low fitness groups. 
The present study raises some doubt as to the relative con- 
tribution of this program to the individuals who are more 
fit. Also, the same type of investigation involving another 
form of circuit training purported to contribute to gains in 
cardio-respiratory fitness would be informative. 

(3) The use of the MBC test as a test of respiratory 
adaptation to exercise for the healthy active young male 
appears to be invalid. Also, testing methods and procedures 
must be standardized and norms established so that valid 


comparisons can be made and meaningful conclusions drawn. 


eer 


JI ,equera owt eesdt tot Betooe o 
sit lo ytiensdat bos yttlaup ery saad odd 
.aoldeatub bas girtasnup edt natld ltl pear itt. 


«BRO4 
oa seg goluner doldw ot eetpeb ert dadd, paces 
aid ot Hetudteddsa enieg Yiotetiqssi~olbgeo oF 
nottegtdaevnl tnegexg edi of  qalinte qoeie.e ee 

ailgsance eqior lo ssanemrotieg galveqmos Dev 
wonstels gateuwt evlg Kae (d) .gokeuuer doqe en 
-Yino eoostelh elim fet g 
16 eleew ¢c Dbnoysd ehgerd edd enisreteb og pena 
nolisgitesyat dnesoug ert gailoliseeq.yhude & ut te 
eaxoow di + Of ‘lo holarsg gainiets & TevO. snfoutnes af b. 
ot ylinsolttiagie eetwdtatnoe mm cQomg. 2 Te 
saqioty esendit wel *o2 esead! ented amo bb 
-Hes evitaier eit me as fdliob smon esalat % 
etom ers omy aleubtehbmt add ot masmuotg sas 
tedtonsa yolvicval nottegid¢sevet to sqyt emae paki 
ail @ntisy oF etudiattiacoe of bettomnsq " 
rovidomrotal od bisow ssent hi of 
yiosatiqest to teed 8 He seed eng re 
elu gauoy evitas yt Land ond i ma } nok 
aemibeootg has co ietie antones at ba — bi 
.itwnth ‘enciteuconcd teiinuen bas » eee R 


. - im 


13h 


Where future studies are conducted implementing the resting 
MBC test, it is highly recommended, in order to minimize the 
influence of the learning factor and to establish a more 
reliable base line value from which to proceed, that each 
subject be required to undertake several preliminary trials 


on the testing apparatus over a period of several days. 


Appendum,. 


It is apparent that the greatest single limitation to 
progression to the higher levels of the 5BX program is the 
push-up exercise, the intensity of which seems to be out of 
proportion to that of the other exercises. Most subjects in 
group A were unable to complete the number of repetitions 
prescribed when they reached chart 3, particularly after the 
B- level. It is recommended that this aspect of the program 


be investigated and revised as necessary. 
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TESTS OF HOMOGENEITY OF VARIANCE INITIAL TEST SCORES 
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TABLE XX 


TESTS OF SIGNIFICANCE VS. MEANS INITIAL TEST SCORES 


SROUPS DIFFERENCES ST, ERROR 
COMPARED VS. MEANS OF DIFES. 
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STATISTICAL FORMULAE 


The following computatimal formulae were employed where 
required: 


(a) Standard Deviation (Unbiased). 


(ob) F Ratio Test for Homogeneity of Variance (Independent 
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(c) Homogeneity of Variance (Correlated Samples). 
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(d) Significance of the Difference Between Two Means 
(Independent Samples). 
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(e) Significance of the Difference Between Two Means 


(Correlated Samples). 
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(f) Correlation Coefficient for Ungrouped Data. 


Zxy 


NSxSy see part (c) above 


— 


enssli owl aeowted sonore tht ond 


“To : ‘ ( xe) 
gil ray 


S - ci + i 


wise owl neewtsd someteltt 


(ay = 32 
“uo 


<* aiibe Pe 


= — Cen, : ; - 
evods (o) troq (se ; 3 - ‘toed a 


fae 
‘ae wid 4 


_ 


for PEND Lk B 


150 


TABLE XXI 


CIRCUIT TRAINING ITEMS, WEIGHTS AND REPETITIONS (U..of Alta.) 
AS STATED BY HOWELL AND MORFORD 


Mo. ITEM RED CIRCUIT BLUE CIRCUIT 
(lbs. ) 
lL Squat Thrust -- 10 -2i 25 
2 Two Arm Curl 50 8 10.12 
3 Two Arm Press 60 & 10.12 
l. $traddle Bench Jumps 25 17 18 19 
5 Lateral Raise 10 8.1012 
6 Lying Lateral Raise 15 6 10 12 
7 Sit-Ups ne ed Lee oe 
8 Bench Step Ups -- 23 26 30 
9 Jump Chins ~= linn Gee @ 
10 Bench Press 80 6 8 10 
1l Trunk Extension ae 26 16 20 
12 Bent Over Rowing 85 &. 16 
13 Stair Running 10 6 8 10 


nnn 


Target Time: 25 mins. for 3 laps of circuit. 


Fxercises Described: 


le Squat Thrust - From standing position drop to equat 


position, hands 8" - 12" in front of 
the feet. Look straight ahead. Ex- 
tend the legs back keeping body 

straight. Return to squat position 


(.a3f[A to .U) SmorPiIrTgsan cA STi) eas 
emo a ee 


pa 


I ee ANI cll NT 


etinettio Yo 


De 


Te 


Je 


LO. 


L5L 


feet 8" - 12" from the hands. Stand 
completely erect and repeat. 


Two Arm Curl - Supinated grip, clear position. Raise 
the bar to shoulder level, lower and 
repeat. 


Iwo Arm Military Press - Pronated grip, clear position. 
Push the bar close to the face until the 
arms are fully extended, lower and re- 
peat. 


Straddle Bench Jumps - Feet astride an 18" bench, dum- 
bell in each hand, Look straight ahead. 
Jump to a position on the bench, jump 
back to the floor and repeat. 


Lateral Raise - Face straight ahead, legs spread, dum- 
bell in each hand close to sides of body. 
Raise arms to horizontal position, lower 
and repeat. 


Lying Lateral Raise - Supine position on a bench, arms 
spread and straight, dumbell in each 
hand close to the floor. Bring hands 
together, lower and repeat. 


Sit Ups - Legs either straight or bent, hands behind 
neck, feet secured preferably by a bar. 
Body is raised to the sitting position 
and lowered; repeat. 


Bench Step Ups = From standing position, left foot is 
placed on bench, then the right. The in- 
dividual now moves to upright position on 
top of bench, Left leg returns to floor, 
then the right. Repeat. The starting 
leg may be changed for convenience. 


Jump Chins - Front standing position, legs slightly bent. 
Jump. and grasp bar, pull until chin is 
level with the bar. Drop to floor and 
repeat. 


Bench Press - Supine position on bench, feet flat on 
floor, head between barbell rest. Take 
the barbell off the rest, arms straight, 
lower the bar to the chest, raise and 
repeat. 
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li. Trunk Extension - Prone position, hands behind neck, 
feet secured by a padded bar, thighs 
resting on an inclined level. Raise 
body as high as possible by arching 
upward. Lower and repeat. 


12. Bent Over Rowing - Pronated grip, legs straight bent 
over (body at right angles to legs), 
look straight ahead, back straight. 
Raise barbell to chest, lower until 
arms fully extended, repeat. 


13e Stair Running - Using bleachers run to top, turn and 
run down. Repeat. For added diffi- 
culty carry dumbells. 
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TABLE XXI A 


EXERCISH LEVELS ATTAINED BY EXPERIMENTAL GROUPS 


CIRCUIT 7 5 BX 
SUBJECT START 2.5 WKS. 5 WKS. | SUBJECT START 2.5 WKS. 5 WKS. 


KA. Ry By Bo GL IB- 3A+ by Act 
K.E. Ry R3 Bo H.R. IB- 30 3B 

MW. Ry Ro Ro BM. IB- D- C+ 
DeKe Ry R2 R3 R.Q.% IB- i+ 5C+ 
S.Ts Ry R3 By D.eSe IB- 3D- LD 

Tole Ry By Bo D.We* IB- 3B+ L.C+ 
FAs Ry R3 By S.-H. IB- 3A B+ 
GeKe Ry Bo By W.H. IB- 2A+ 3C+ 
S.M. Ry Ry Ri BeHe* IB- 3At+ .D= 
RH. Ry R3 By HeCe IB- 3B- D~ 
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TABLE XXII 


PIRST TEST PERIOD 


(NOTE: 180. means add 1/2 min. to 


AL 


A2 


;ndicated time.) 

U1. 145 137 
1 130 ete Ay 
pm 118 Li 
dks 115 ae 
L113 115 110 
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TABLE XXIII 


SECOND 
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TEST PERIOD 


Ay 


Aad 


ss 
a a Soe ae 


Tear LIIMGAEAT SAW-Gelad cana 
delat Taxt anouge 


a EL CT TT LT AA Aw ate 


9 a gA A 
oe 8T 
oS ISf S£F 
vit S£L6 cor 
CLL ssi ace 
Sf St OLL 
Si eS. SSL 
fet LEL ear 
oft att Off 
0 i 
a 6S Se 
eit Byls Ost 
ce St i 
* Sor 5 
300 eat 
Sv£ aor 
avs ok 
ji off 
e084 {yi 


oy 
TABLE XXIV 


MEAN HEART RATES BALKE-WARE TREADMILL TEST 


THIRD TEST PERIOD 


A A ee A RL A NN NN | nr NN Rte eA heh yn lie er a 


nike . Ay Ag B C 
REST 76 81 71 76 88 
MINS. 
EXERCISE 1 113 Pid 11 116 133 
2. 113 ie me 115 117 
A 113 ie Lin 120 LLy 
116 116 117 120 120 
5 121 ee 123 wan 12h 
6 12h) 125 123 127 127 
7 129 130 129 133 132 
8 133 134 135 135 36 
9 138 138 138 L090 W2 
10 13 Lye 142 Ls U6 
11 9 152 16 150 153 
12 15h 155 15 15h Ken 
1 159 161 157 159 165 
1 165 167 L161 161 171 


20 180. 180. 180. 166 
21. 173 
22 A 
FH 173 

180. 


RECOVERY I wW2 1 135 13g L359 
2 120 7 115 122 125 

s12 115 10 Lil 119 
if 110 3 10 11 Li 
5 110 110 a m8 108 112 
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TABLE XXV 


MEAN HEART RATES TREADMILL RUN TO EXHAUSTION 


FIRST TEST PERIOD 


GROUP A Ay Ao B 
REST Gi: 83 79 82 
MINS. 
EXERCISE 0.5 155 160 156 162 
tag 167 172 165 aly an 
15 178 182 iy: BY per 
2.0 18 18 180 179 
os 18 18 182 182 
360 182 182 183 
05 188 188 182 
on 188 188 180 
ed 180 
5-0 
BEST RUN 00 2258 li: OO lis30 
RECOVERY 1 158 now 158 156 
2 137 1.2 137 135 
; 127 1,33 127 127 
121 123 121 121 
5 LA. 123 121 120 
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TABLE XXVI 


MEAN HEART RATES TREADMILL RUN TO EXHAUSTION 


SECOND TEST PERIOD 


GROUP A Ay Ao B fe 
REST 73 75 fa) 76 89 
MINS. 
EXERCISE 0.5 160 162 158 163 16), 
1.0 166 169 16), 167 173 
1.5 L732 wa 169 173 179 
240 176 180 ive 175 182 
es 180 182 ivy 178 185 
240 180 182 i77 180 186 
05 182 188 177 181 188 
re 180 180 175 196 
les 178 
5-0 173 
565 eA ge 
6.0 LT 
BEST RUN 4:22 3257) ys220 6217) 5 
RECOVERY 1 156 158 153 153 15 
2 136 wW2 130 133 13 
126 133 119 126 128 
f 121 126 py 118 121 
5 119 125 Lib 119 122 
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TABLE XXVII 


MEAN ITKART RATES TREADMILL RUN TO EXHAUSTION 


THIRD TEST PERIOD 


GROUP A Ay Ao B 

REST 72 7h td 75 
MINS. 

EXERCISE 0.5 161 16l 158 163 

1,0 L7a Ly 169 ub 

eS 175 179 if2 176 

2.0 180 162 178 was 

2.5 179 180 179 180 

340 181 18 179 181 

05 182 18 180 182 

£33 182 182 176 

ed 185 LoS 178 

560 188 188 ahane 

ee a 

6.0 ve) 

6.5 173 

720 La 

BEST RUN 5:27 3:52 S227 7:07 

RECOVERY a 158 162 15. 15h 

2 136 Ld 12 135 

126 132 121 126 

if ie 12 116 122 

5 L22 te 116 122 
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